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LLOYD'S REGISTER STAFF ASSOCIATION, 


Opening Meeting - Twelfth Session. 
Wednesday, 14th October, 1931. 


Mr. 8. J. Duty, M.A., of the City of London College, gave a lecture on “ Problems of the Carriage 
of Perishable Cargoes by Sea,” on Wednesday, 14th October, 1931, in the Board Room of Lloyd’s 
Register of Shipping, to members of Lloyd’s Register Staff Association and a number of members of the 
Committee of Lloyd’s Register, and visitors. 


Sir S. Grorce Hicers, O.B.E., Chairman of Lloyd’s Register, who presided, said, in opening the 
meeting :— 

I want, on behalf of Lloyd’s Register Staff Association, to extend a very hearty welcome to a good 
many visitors who have accepted our invitation to come here to-night. We have with us representatives 
of Lloyd’s, of the Institute of London Underwriters, and we have also representatives of the great Liner 
Companies. I think, sir, it will be a gratification to you to feel that the subject which you have chosen 
for your lecture is one of such interest to the shipping community. 


What we are going to hear to-night will, I am quite sure, be of the greatest interest, and will be of 
great benefit to all of us, so I will not detain you any longer, but I will introduce Mr. Duly, and ask him 
to proceed with his lecture. (Applause.) 


Mr. 8S. J. DuLy, who was received with applause, said :— 


I am very grateful to the members of the Committee of Lloyd’s Register Staff Association for this 
opportunity of meeting you, in these distinguished surroundings, to give you some account of the 
investigations I have carried out on board ship in connection with the condition of cargo on discharge 
after a long sea voyage. 

Many of you, I feel sure, will be unaware of the great variety of problem in the applied sciences— 
problems of applied physics, of applied chemistry, and biology, that almost any instance of defective out- 
turn of cargo presents to the scientific man. 


(LecTURE Fo.tows.) 


Mr. A. L. Sturen, proposing a vote of thanks to the Lecturer, said :— 


I have great pleasure in proposing a vote of thanks to Mr. Duly for his interesting lecture. Those 
of us who can remember the enormous advances which have been made in the carriage of perishable 
goods at sea will perhaps have appreciated it even more than others. I can remember the first cargoes 
of frozen meat coming to England, and the great contempt with which this meat was regarded. My 
memory of it is very vivid—I can remember eating some of it in the 70’s (though I don’t know whether 
that is a thing to boast about (laughter), and when we realise that, to-day, Canterbury mutton is preferred 
by many cooks, and by many other people who eat it, to English mutton, that is a very great tribute to the 
strides which have been made; and this progress has been very largely due to scientific people like 
Mr. Duly who have carried out the necessary scientific investigations. 


I remember not very long ago coming down in the train with a shipowner who had been trying to 
bring grapes from South Africa. He could not carry them in a satisfactory manner. He produced some 
from his pocket. They were covered with a kind of mildew. We skinned and ate them, and they were 
very unpleasant. (Laughter.) He informed me solemnly that he was convinced the only way to carry 
grapes successfully was to wrap up each berry in tissue paper. (Renewed laughter.) 


May I once more propose a hearty vote of thanks to Mr. Duly for his most interesting lecture. 
(Applause.) 
Mr. Duty, in responding to the vote of thanks, said : — 


I thank you very much for your very cordial reception of my paper, which I feel must have been 
rather a drier one than perhaps you anticipated. All scientific data is rather dry—photographs and 
diagrams and things like that—but it seems to be a fundamental to have to put the results of your 
investigations down in this form. So if it has been rather dry I apologise, and plead that to a scientific 
man presentation in this form is a necessary part of the job. (Applause.) é 
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PROBLEMS OF CARRIAGE OF PERISHABLE 
CARGOES BY SEA. 


By 8. J. DULY, M.A,, 
or THE Crry oF LONDON COLLEGE. 


ReaD 147TH Ocroper, 1931. 


Men whose experience lies in the working of industrial plant for the manufacture of some commercial 
product, are familiar with the phase in which the chemist takes over the plant from the engineer who 
has constructed it, to get the best results from it. 


Something comparable with this happens in the engine room after a ship is launched. The engin- 
eering staff tend the ship’s machinery unceasingly and in the true scientific spirit to get the best results 
from it in terms of speed and economy. 


The ship’s holds, on the other hand, are apt to be regarded as vast inert spaces where stillness and 
peace reign and where no change can occur in the uniformity of darkness and quiet. The first half of 
this view is true. Crawling amongst cargo in the lower holds by the light of an electric torch is at any 
rate a peaceful enterprise. But the quietness and the darkness are misleading as to the impossibility of 
change taking place in these spaces. It is easy to find reasons why little is known of the conditions in 
ships’ holds at sea. ‘There is first of all the difficulty of penetrating into the interior of the battened 
down vessel with the necessary instruments. This difficulty may be partly overcome by placing 
instruments in position during the loading of cargo and taking electrical leads therefrom to some 
accessible spot on deck or near. Fig. 1 shows an instance of this. 


But the need for despatch at the time of loading makes even this a precarious method of securing 
data, although it appears to be the only one. The second reason for the difficulty of observing changes 
in the conditions in holds is their gradualness, making steady observation imperative. 


On the other hand the problem is simplified by the fact that there are comparatively few variables to 
observe. There is the temperature distribution through the hold under observation, and the factors 
bound up in the ventilation of the space, that is the temperature, humidity, the speed and the purity of 
the ventilating air. These factors operate on the cargo stowed in the hold and influence its condition 
perceptibly or not, according to its nature, the manner in which it is packed, and to the length of time of 
the voyage. It is a typical ship’s problem, to decide in a given instance of damage whether these 
conditioning factors have developed some latent defect in the cargo, whether they have initiated the 
change or whether, without their influence, the cargo would inevitably have deteriorated on account of its 
nature. 


The only one of these influencing factors that can readily be controlled is the ventilation of the hold, 
and a much more rational use of ships’ cowl ventilators might be made than is customary. The general 
plan of ventilation of a hold is shown in Fig. 2. 


For their maximum efficiency the ventilators should work together as one unit, the cowls being 
trimmed in pairs so that the current of ventilating air travels through the hold in the direction of motion 
of the ship. To achieve this in a head wind, the pair of ventilators in the forward end of the hold are 
trimmed to back the wind and those in the after end are trimmed to catch the wind. The current of air 
so set up travels down the ventilators situated aft through the hold in the direction of the ship’s motion 
and up the ventilators in the forward end of the hold. 
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With a following wind the pair of ventilators aft are trimmed as downcasts, to catch the wind, and 
the forward pair trimmed to back the wind as uptakes. All four ventilators should act together. If one 
is virtually out of action by reason of its height or position with regard to some shielding structure on the 
deck, the action of all four is prejudiced. Fitting a single extractor fan in a cowl ventilator shaft, useful 
as that may be on occasions, has a similar effect in upsetting the general flow of the ventilating currents. 


The diagrams in Fig. 8 give typical readings from a large number of observations made with a 
Negretti air meter on the effectiveness of the cowl system at sea. 


The following points are worth noting in these diagrams :— 
(a) The cowls are adjusted according to the direction of the wind. 


(b) The speed of the wind in a ventilator acting as a downtake differs from that measured, 
say, on the forecastle. It is nearer the speed in the immediate neighbourhood of the ventilator, 
as in example J. 


(c) Examples F and G, and K and L, show the necessity of trimming ventilators so that the 
air current travels with the ship. 


(d) An extractor fan is frequently an obstruction. 


It will be realised that as long as weather conditions are satisfactory enough to permit of the cowls 
being kept in operation the volume of air provided by them is sufficient. 


The main object of the ventilation of cargo holds is to keep them dry, and it should be borne in mind 
that this question of dryness is relative. Actual moisfure need not be deposited on a surface before it can 
be said that air near that surface is damp. If actual moisture does condense on any surface the air in its 
neighbourhood must be saturated, but humid conditions are established long before such condensation 
takes place. Now dampness is one of the commonest causes of deterioration of cargo and in consequence 
the wisdom of continually ventilating cargo holds should be investigated carefully. 


If it were a true assumption that the ship’s hold was dry initially and that no moisture is contained 
in the cargo, it would be a self-evident proposition that the only possible source of moisture in a vessel’s 
hold is the ventilating air. It will be assumed that the hold is dry initially, and the question of the 
moisture contained in the cargo left for discussion later. 


In what circumstances, then, can the ventilating air be prejudicial to the dryness of the holds? 
The answer to this question was suggested through the following observation: Oranges were taken on in 
ordinary stowage under conditions illustrated by the graph, Fig. 4. The cargo had an initial temperature 
found by plunging a thermometer into the fruit, of 76° F. on loading at San Pedro. In spite of the fact 
that the external temperatures both of sea water and air fell rapidly on leaving the port, and were 
maintained for days at little above 50°, and the hold was ventilated vigorously, the fruit had not cooled 
lower than 66° F. ninety hours afterwards. The temperature of the air in the hold at the time of closing 
the hatches had risen to 84° in the blazing sun and had not fallen to the level of the sea water and air 
several days later. The significance of these observations lies in the fact that it provided an unusually 
wide range of temperature differences between the ship’s side in contact with the sea at 52°, with a hold 
temperature of at least ten degrees higher and a cargo temperature higher still. Such a range of 
differences is rare. In these circumstances you would anticipate a condensation of moisture on the cold 
surface presented by the inside of the ship, and this happened. The inside of the ship glistened with 
moisture. 


The next step that suggested itself was to investigate the reverse circumstances. No damage is 
normally sustained by cargo through the condensation of moisture on the ship’s sides, but suppose the 
condensing surface had been the cargo and not the ship’s side. Suppose the cargo were loaded cold and 
the ship sailed into warm conditions. You would then witness the phenomenon of a dry ship’s side with 
damp cargo. Wherever a fair spread of temperatures exist between the cargo, the ventilating air and the 
ship’s side (taken as identical with the sea water), a risk of condensation on either cargo or ship’s side 
exists, according to whichever is the cold surface. It is not alone the sudden changes in sea water and 
air temperatures which may produce the differences of temperature leading to the precipitation of moisture ; 
any cause which keeps cargo cold presents the same danger. The presence in the ship of refrigerated 
spaces, is likely to keep the temperature of the containing bulkheads and the neighbouring cargo in 
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ordinary stowage, colder than the rest of the ship, and offer the risk of condensation upon them. The 
main causes of condensation are summarised in the diagrams of Fig. 5, the cold surface being indicated 
by the shaded lines. 


In the first instance Fig. 5 (i) the ship enters cold water after loading warm cargo or after having 
passed through tropical seas which have warmed the cargo through. The cargo cools slowly, but the 
ship’s side, in contact with the sea water, immediately falls to the temperature of the cold current and in 
consequence becomes the condensing surface. An instance of this has already been given. The right 
course to keep the hold atmosphere as dry as possible is to ventilate as vigorously as the system permits. 
Since the cargo is warm, it is safe from the condensation of moisture upon it, while if ventilation is 
restricted or cut off, the gradual fall in external temperatures will produce increasingly humid conditions 
throughout the hold and conduce to mould growth. 


In the second instance Fig. 5 (ii) the ship loads cargo cold at the port and steams into warm water. 
It is now the cargo itself that presents the cold surface to the incoming warm air. The ship’s side 
remains dry because it is relatively warmer than the cargo. In these circumstances the right course is to 
restrict ventilation to a minimum and so avoid the possibility of allowing volumes of moisture laden air to 
come into contact with cargo at a temperature possibly below its dew point. Since external temperatures 
in this instance are steadily rising the closing of ventilators can only lead to a fall in the relative humidity 
of the hold atmospheres (unless, of course, the cargo itself is one which readily yields moisture), and thus 
make the hold progressively drier. 


Actual observation of such condensation on cargo would presumably be easy for ships’ officers on the 
lookout for occasions when, through the sudden rise in external temperatures, cargo is left lagging behind 
the general upward temperature trend and ventilation is kept going. I was anxious to secure definite 
evidence of this occurrence and had an opportunity in 1927 to stage the following experiment. A 
thermometer was sealed in a gallon can containing water, to represent a unit of canned fruit and stowed 
in the lower hold of a vessel leaving New York, the lead being taken to a recording thermometer in the 
shelter deck. The next graph, Fig. 6, shows the automatic record of the temperature of the contents of 
the can, against which is plotted the-temperatures of the air and sea water and also that of the dew point 
of the external air. 


The temperature of the can on loading was 66. It had fallen slightly to 65 by the next morning as 
the sea water and air fell. Between 4 a.m. and 8 p.m. of the next day (8th August), the sea water rose 
from 58 to 73 and the vessel remained in the warm waters of the Gulf Stream for four days, crossing a 
cold current once about noon on August 31st. The temperature of the “cargo” during this period shows 
a steady rise to 75°5 in about two days lagging behind the rise in external temperature. At the time of 
the sudden rise in temperature between 4 and 8 a.m. on the 28th August, fog was encountered, external 
humidity approaching 100 per cent. For a few hours, from 4.30 p.m. of the 28th until 6 a.m. of the 
29th the can was below the dew point of the external air. In this example the initial temperature of the 
cargo was not low, and the rise in temperature temporary; the risk of damage from condensation was 
consequently small. But on many trade routes similar but much more marked and sustained temperature 
advances occur; I need only mention the trade from the Pacific North West through the Panama, 
where the following is a typical record of a winter ran :— 


AIR. SEA, 

January 27th.—San Francisco oP ae a ay: ve Ok: — 
28th. ... en ve xe noe ma wie area — 

29th. ... oe is ea ae “ee ar w- 49 54 

80th. ... ‘be int ‘a Nate vee te we 54 60 
31st.—Los Angeles ... th ok x we ETATHS — 
February Ist. ... ote Meg ize sh we as Be6$ 64 
PAR 553 ae a eas beats tr ass Aon Wax!) 61 

Bide wes a sist ate ade oe oe ae th 74 

4th, ... beg ba aa ens nce ate papel 80 

Ftc. << ee ia nce on Pee ie ep oO 83 
6th.—Towards Panama... ae = ae sq 9 BD 84 


or that from North Atlantic ports into the tropics in winter. 
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If in these circumstances cargo is ventilated it can only remain dry if it warms sufficiently fast to 
keep it above the dew point of the ventilating air. How fast specific commodities warm up, and what 
the extent of the lag amounts to has not been determined. The right course is to restrict drastically the 
ventilation to such cargo during the warming up period. 


No. (iii) in Fig. 5 provides a telling instance of the application of the foregoing principle. When 
cargo is carried in insulated but non-refrigerated chambers it is thermally isolated from external changes. 
From many points of view this is ideal. Goods are carried from temperate countries through tropical 
seas while their temperature is maintained remarkably steadily during the whole period. This very fact 
opens up the risk of condensation of moisture upon them if the external air is admitted at any time when 
its dew point is above the cargo temperature. 


Fig. 7 shows cargo loaded in insulated chambers at 60° in August in the United Kingdom for a 
voyage to New Zealand through the Panama. On the eighth day out the dew point of the external air had 
reached 6771, while the cargo was still at its loading temperature. As the sea water and air temperatures 
increased to tropical figures the cargo warmed regularly and gradually to 71° F. after 28 days out. For 
17 days the cargo was colder than the dew point of the atmosphere. Up till the time when the two 
curves cut on the 12th August it is safe and wise to ventilate. But nothing but harm can result from 
ventilating the chambers during the subsequent middle period until the 28th August, that is until colder 
and drier atmospheric conditions begin to prevail. 


A further instance is provided by the next diagram, Fig. 8, of a winter voyage on the same route. 
Here the cargo was loaded at 41°5° F. in the United Kingdom, warmed gradually to a maximum of 74 as 
_ the tropics were traversed and the summer of the Southern Hemisphere experienced and was discharged 
at 73°5° F. 3 


For twenty-four days, namely from January 10th until February Ist, the cargo was colder than than 
the dew point of the ventilating air. For this period, ventilation of the hold is dangerous, and if for any 
reason it is obligatory, the air entering the hold should first be dried by cooling it. 


In discussing the question of the condensation upon cargo of the moisture in ventilating air, it 
is well to remember that sea air is charged with salt, and that even on a still bright day innumerable 
microscopic particles of salt float in every cubic inch. By exposing a sheet of glass coated with a trans- 
parent gelatinous film containing silver nitrate to sea air in various parts of the ship, and subsequently 
examining it with a lens, countless salt particles of every size are seen, even if the experiment is made in 
the brightest and stillest weather. Plates exposed in a hold which has not been ventilated show an 
almost complete absence of salt from the atmosphere. Wrapping materials absorb salt from sea air. 
The following interesting figures illustrate this fact. Three pieces of new Hessian sacking measuring 
approximately four square yards each were experimented with by keeping one in a drawer in Liverpool, as 
a control, while the other two were carried to New Zealand and back. Of these, one was spread flat over 
coils of wire in a No. 3 ’tween deck at a point near the spot where a ventilator admitted air into the hold 
and the other was tacked half over the ventilator in the No. 1 lower hold. The ventilation was restricted 
throughout the voyage, so that there was at no time any considerable current of air passing over the 
sacking. ‘The sacking was therefore exposed to the sea air, only in so far as that air had access to the 
space where the sacking was kept by way of the ventilators, while at any rate in the case of the sacking 
placed in the No. 3 ’tween deck, spray could not have entered even to the smallest extent. On analysis, 
five small samples from the untravelled sacking averaged 7°7 salt parts per 100,000 parts sacking. 
Similar pieces from the sacking exposed in the No. 8 ’tween deck showed 14°7 parts salt and from the 
No. 1 lower 33:2 salt per 100,000 sacking. 


Such small quantities of salt would still leave the material “free from salt’ by the customary tests. 
A sample kept in the forecastle head on a homeward voyage from Vancouver showed 688 parts, and two 
samples exposed on the tabernacle of the mainmast, 1088 and 736 respectively. All these would show a 
“sea water” reaction. 


Figures intermediate between these, (148, 196 and 625 as examples), are occasionally found from 
lower hold stowages where contact with sea water seems ruled out, and these remain a problem still 
unsolved. The interesting point is that from my own figures I have a range of analyses from 5°5 parts 
to 1088 parts, and where exactly to draw the line between sea water damage and no sea water damage 
seems difficult to decide. 
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We may return to Fig. 5, illustrating successive instances of the condensation of moisture on board 
ship. No. iv of Fig. 5 gives an example of a ship equipped with one refrigerated deck. This is likely 
to maintain lower temperatures on the deck above and the deck below than would otherwise occur, with 
the consequent risk of moist conditions being maintained in their neighbourhood during warm weather 
conditions. It is the artificial equivalent of No. v. of the same figure, which illustrates what is perhaps 
the commonest occasion of condensation on board ship, namely the “sweating” on the underside of the 
weather deck due to the onset of cold weather. It is also a common cause of damage to cargo, since the 
moisture which collects on the underside of the cold deck drips from beams or other projections and may 
in instances where weather conditions have favoured such condensation, saturate cargo stowed beneath it. 
The drenching of the deck with dew is a common enough phenomenon in the tropics where the rapid 
radiation of the heat of the deck to level of sea water temperature after sunset, brings its temperature 
temporarily below the dewpoint of the atmosphere. Accompanying this there may be a similar conden- 
sation of moisture on the underside of the deck. Usually, however, the moisture which collects under 
the weather deck is largely derived from cargo. In normal circumstances as long as ventilation is 
adequate the moisture given off by cargo is carried away in the ventilating air. Occasions arise when 
this moisture is condensed in the ventilators themselves, in the Samson ~_ or under the deck. Thus a 
ship arriving in Northern Europe from the tropics meets wintry conditions in the Channel while her 
cargo is still warm. The moisture given off from the cargo is condensed on the cold structures it comes 
in contact with. If in these circumstances, ventilators are trimmed back to wind or even covered on 
account of heavy weather, the conditions for condensation under the weather deck are intensified and 
account for the instances of recent wetting often noticed in ships from the tropics discharging cargo 
in the United Kingdom during the winter. 


Cargoes may be classed in groups from the point of view of the readiness with which they part with 
moisture. In the first group come those which contain no moisture, such as galvanised goods, machinery, 
canned goods, earthenware, etc., which show no change in weight on outturn. In the second group come 
most of the staple commodities, like high grade grain, air dried timber, textile fibres and packing cases, 
all of which contain upwards of ten per cent. of moisture in approximate equilibrium with the atmospheric 
moisture conditions of their port of export. These usually lose weight very slightly during a long voyage 
owing to the slight loss of moisture, and occasionally they show a very slight increase in weight. As long 
as goods of these two classes only are present in the holds, the recommendations as to the restriction of 
ventilation, when, through rising temperatures cargo is likely to remain colder than the dew point, is 
safe to adopt. 

Whether it is safe when goods of the next group, goods, that is, which contain more moisture than 
they can hold in equilibrium with the atmosphere, such as the lower grades of grain, particularly maize, 
unseasoned timber, low grades of sugar, fresh fruit and so on, are carried, will depend on the stowage 
plan, and no general rule can be laid down. 


One source of danger is the possibility of certain commodities of the second class, which are normally 
dry, containing a higher percentage of moisture at the time of shipment than is perfectly safe for their 
satisfactory carriage, having regard to the conditions they are likely to meet at sea. The stringency of 
modern grading and inspection services goes a very long way to eliminate this risk, but damage from this 
cause, nevertheless, occurs not infrequently. Fig. 9 illustrates for instance the conditions in a normal 
summer shipment of grain from the Gulf ports. The cargo was one of No. 1 Hard Winter Wheat in 


bulk, carrying 11°7 per cent. moisture, (U.S. Grading). This is dry grain and will withstand considerable 
external heating without change in its condition. 


The grain had the high temperature of 87° F. on loading at New Orleans. The temperatures of 
the sea water, which govern those of goods stowed in the lower holds, fell gradually from 88 in the 
Mississippi to 62 in the English Channel, but remaining above 70 while the ship remained in the track of 
the Gulf Stream. A mercury in steel distance recording thermometer, buried in the grain near the skin 
of the ship, showed a record almost identical with that of the sea water, and grain discharged from this 
part of the ship was therefore very cool. The next nearest thermometer to the ship’s side, five feet 
distant, showed a very different record. It warmed up slightly during the early part of the voyage 
through the Gulf Stream to 92, and the grain was discharged only slightly cooler than its loading 
temperature, namely at 83° F. Records taken of the temperature of the grain at points nearer the 
tunnel showed slightly higher readings, the temperatures of samples at the time of discharge being 90°, 
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88°, and 89°. The thermometer in the grain immediately upon the tunnel registered above 95° 
consistently. The interest of these observations lies in the fact that dry grain can withstand such 
conditions without change, and, as it is a poor conductor of heat in this dormant state, the cooling effect 
of the sea water disappears very soon within the bulk. The grain merely dries out further, moisture 
being carried away in the ventilating air and the grain losing weight to the extent of about one-half 
per cent. 


The quantity of moisture naturally occurring in maize is much higher than that in wheat, and 
whereas in wheat, shipments rarely reach the permitted maximum of the grade, in maize the moisture 
content presses on the maximum permitted by the grade. The Union of South Africa, recognising the 
risk of heating to which maize is susceptible, have restricted the permissible moisture content to 
12°5 per cent. No. 1 American maize, on the other hand, may contain 14 per cent. and No. 2 15° per 
cent. The risk of transporting No. 2 maize under such conditions as those described above is thus 
considerable, and the logical remedy would appear to be the revision downward of the permitted moisture 
content of such export maize. 


Refrigerated spaces have their own problems of ventilation and humidity. The development of 
“brownheart” (Fig. 10) in apples and pears is an instance of ill-adjusted fresh air supply. The fruit shows 
no external symptoms of damage, but, on being cut across, dead areas of light brown tissue are found 
usually round the core. and frequently extending unto the cortex. The damaged tissue is clearly 
demarked from the sound tissue, which remains crisp. When the fruit is removed to the fresh air the 
damaged areas cease to extend, and, while the sound tissue remains crisp, the affected parts dry out, 
forming peculiar and sometimes large cavities. Often the apples sink in in patches on the surface, 
consequent upon the collapse of the dead tissue within. 


For the sake of comparison the next figure (Fig. 11) shows an entirely unrelated disease, with early 
symptoms which are superficially similar to those of ‘“brownheart.” This is the condition known as 
“internal breakdown,” and is brought about by the lack of power of resistance to cold which some 
varieties of apples show. Kept at temperatures very close to freezing point, that is the normal carrying 
temperature, they show symptoms of premature decay. Externally they may remain sound, unless the 
condition is advanced, but, on being cut across, the tissue is seen to be brown in diffuse areas, eventually 
involving almost all the flesh of the apple. The brown areas may remain firm but springy, or sometimes 
very soft. Eventually the fruit assumes the external appearance of a baked apple. The symptoms of 
damage from this cause are really much nearer those of damage by freezing than of damage by suffocation. 


Other symptoms of damage to commodities which are often associated with problems of ventilation 
are the development of mouldiness and the tainting of one commodity with the odour of another. Moulds 
are universal in their incidence on foodstuffs and on other organic materials, and a wide specialised 
literature exists in their indentification and life histories. Yet very little work has been done on their 
relative rates of growth under given conditions of temperature and humidity. Ships’ holds occasionally 
afford by accident ideal circumstances for their development, as when ventilators are covered through 
stress of weather in a voyage towards colder latitudes while some infected or susceptible cargo is carried. 


“Taint” is a particularly difficult condition to get objective scientific evidence of. The sense of 
smell is often more sensitive a guide that any scientific test of the presence of taint. One method of 
obtaining such objective evidence is sometimes successful. It is to distil off the taint from the sample in 
steam and separate the trace of tainting substance from the condensed water with a suitable solvent, which 
may then be evaporated, leaving the tainting substance for examination. Commodities liable to absorb 
odours should be stowed lower in the ship than those which give off such odours. 


Almost every instance of damage, apart from mechanical breakage, has its own scientific interest, 
and my account this evening has borne exclusively on the part played by the conditions in ships’ holds. 
The “condition of the goods on shipment,” the presence of some unobserved natural defect and the 
suitability of the packing, all of which contribute their part in deciding the condition on discharge, must 
be left for separate treatment in each special investigation. 
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ELECTRIC PROPULSION OF SHIPS. 


By L. R. HORNE. 


Reap 4TH NOVEMBER, 1931. 


The variety of ways in which electric drive is possible is immense and a very large number of 
schemes are in actual use on shore. In this paper consideration (in no way exhaustive) 1s confined to 
such gs have given satisfaction in the propulsion of ships. 

In approaching problems of ship propulsion, shore peace is usually borne in mind, but in doing so 
certain essential differences should be remembered. On shore, voltage and frequency must be kept 
constant ; on a ship’s propulsion circuit they may be varied with advantage. Main cables, on shore, must 
generally be buried in damp soil where visual examination and provision for expansion are impossible and 
where damage by stray currents is possible ; in a ship they can be kept under constant supervision. In 
case of breakdown, on shore, there is usually an immense supply of power ready to flow into the fault and 
the protective gear must be capable of interrupting it ; in a ship the total power is limited to the output 
of the main generators and, if a fault occurs, their excitation can be instantly “killed.” On shore, 
however, there are available, in case of breakdown, skilled staffs to deal with the matter, but at sea, the 
ship’s engineers must make good as best they can. 

Electric drive has justified itself on shore where heavy reversing loads have to be taken, as in steel 
rolling-mills, and where precision of control is vital, as in the winding machinery of collieries; and the 
confirmed sceptic might be reminded that it has been used for decades in submarines and has been fitted 
in the highest powered marine installations. 

In the great diversity of vessels which are electrically propelled, those of small and medium powers 
are (with few exceptions) fitted with internal combustion engines and direct current machinery, while, for 
larger powers, alternating current installations driven by turbines are used. 

D.C. drive is extremely flexible. The generating plant, composed of small, light, high speed oil 
engines direct coupled to dynamos, can be sub-divided and located more or less at the builder’s discretion. 
These advantages have their price, however, as the efficiency of the type of transmission is not higher 
than 88 per cent. 

A.C. machinery is lighter and more efficient, cheaper and more robust than D.C. It is especially 
suited for use with steam turbines. In large installations a gearing effect of about 30 to 1 can be 
obtained, but in smaller powers it is much less, as it is dependent on the number of pole windings that 


can be arranged on the motor stator. The overall efficiency is as high as 94°5 per cent. and this is 
obtainable over a wide range of power. 


Direct CurRENT DRIVE. 


Direct current drive has been used in a variety of craft ranging from 13 ton yachts to medium sized 
tankers. In general the propulsion machinery consists of one to four Diesel generating sets grouped in 
series with a motor having either a single or a double armature. 

The motor is separately excited, shunt wound and has the characteristic that its speed depends on 
the impressed voltage and the strength of the field. If the latter is kept constant the speed is roughly 
proportional to the voltage and if this also be maintained, the speed is nearly constant for all loads (that 
1s to say the motor has no tendency to race). 

The generators are similar, electrically, to the motor, but if they are intended to furnish power for 
St services, they are fitted with series windings and operate, when on the power bus, as compound wound 

ynamos. 
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The control is on the Ward-Leonard system: that is to say, the polarity and height of the voltage 
across the system, which determine the direction and speed of the motor, are controlled by a potentiometer 
type rheostat operating on all the generator fields. The prime movers are kept at constant speed for all 
loads. When the control lever is at “stop” the rheostat is at neutral and no current flows through the 
generator fields and no voltage is generated. Movement of the control lever and rheostat permits current 
to excite the generator fields and each set builds up a voltage which is added to that of the next. Thus 
in a four unit job, if the full load voltage of the generators be 250, that across the system will be 1,000 
and, if the motor have a double armature with the mid-point “earthed,” there will be a P.D. to earth of 
500 volts on each side. The same current will flow through all armatures. With this system the main 
current is never interrupted. The working contactors have only to deal with the field currents and it is 
only the field currents whose energy is dissipated in the rheostat at reduced speed. In multiple unit jobs 
proceeding at reduced power one or more generating sets may be completely shut down, short-circuited 
and cut out of the system. 

Fig. 1 shows the general arrangement of “Briscis” a small auxiliary yacht. The owner’s require- 
ments in this case were that the machinery was to be always available but like the “Hidden Hand” 
neither seen, heard nor smelt. Further, to avoid fire, he insisted that no liquid petrol should enter the 
vessel. These requirements could hardly have been met by the usual installation of a direct drive with 
the petrol engine stowed in a cupboard under the companion ladder but with the arrangement shown, in 
which the petrol tank and carburettor are placed on the deck, they are. 


The generator develops 18 h.p. at 2,000 r.p.m. and drives a 12 k.w. dynamo which is grouped in 
parallel with a 72 amp.-hour battery with a voltage of 55. The following are provided for :— 


(a) Starting the engine by motoring the dynamo off the battery. 

(0) Charging the battery by the dynamo. 

(c) Driving the motor by the dynamo (and if necessary charging the battery at the same time). 
(d) Driving the motor off the battery. 


Those who delight in contrasts should compare this simple job with the 19 metre cruiser “ Fan Kwai” 
in which three generating sets and some 60 motors are fitted, providing for the automatic propulsion of 
the vessel and for every conceivable service, from elevating the piano through a trap door in the cabin 
floor, to the closing of any of a dozen windows. 

The Canadian tug “Prescotont,” illustrates the flexibility which can be attained with D.C. drive. 
This tug is primarily required to work lashed to a motor car ferry float and to be available also for fire 
services. The installation consists of two Diesel generator sets with auxiliary generators driven in tandem ; 
a double-armature propulsion motor and an emergency lighting set. At full speed, both generators are 
grouped in series and supply about 1300 amps. at 500 volts to the motor. Hither, but not both, 
generators can be switched from the propulsion circuit to the “fire”? main. In case of breakdown, either 
generator set may be cut out or, if the fault be in the motor, the defective half may be completely 
disconnected by changing one link on the switchboard. The generator field current can be switched 
through any one of three controllers (the selection being made with all levers at “‘off’’) situated in the 


engine room, the bridge of the tug, and the bridge of the float. ‘The excitation is supplied by either of 
the auxiliary sets. 


Fig. 2 shows a diagram of the main circuit and also of the voltage ground detector whereby the 
engineer can at any time check over the main system for serious faults. The table shows the readings 
that should be obtained. The resistance fitted between the ground switch and the earth is three ohms. 
This means, that if, for instance, the switch be adjusted to open and give alarm at a leakage current of 10 
amps., there would be, just before it opened, a P.D. to earth of 30 volts. 

The engineer has under his control a rheostat in each generator field (in addition to the engine room 
controller) which enables him to adjust the load between the main generators, 

If, in starting, the controller is moved too fast and a heavy over-load is put on the system, a relay 
operates, cutting out the excitation. It is then necessary to bring the controller to “off,” reset the relay, 
and start again. 


A recently constructed French suction dredger illustrates another application of D,O. electric drive 
to vessels having a large power demand for other purposes than propulsion. 


This dredger has two main Diesel driven generating sets of 940 kilowatts, ab 525 volts, and two 
propelling motors of 1150 H.P. Normally each motor is driven by the corresponding generator. The 
two suction pumps are normally supplied by a separate generating set, but, if necessary, either pump can 
be connected to the corresponding main generator. 


In case of breakdown, or when one of the main generators is supplying a suction pump, or at 
reduced speed, both propulsion motors can be driven by one generator, As the control is, in all cases, on 
the “ Ward-Leonard” system, where both motors are driven (in parallel) by one generator, the two motors 
must operate in the same direction and at approximately the same speed; that is to say the vessel then 
becomes, in effect, a single screw one. ; 

The whole arrangement has obvious advantages from the point of view of overhauling the 
machinery without withdrawing the dredger from service. ‘The makers claim another advantage in the 
ability to ran the motors continuously at very slow speeds, the possible range being in this case from 
about 6 to 200 r.p.m. 


It should be pointed out that it is quite possible to arrange for the motors of a twin screw vessel to 
reverse independently, when operating in parallel, with one generator in service. The solution mentioned 
above is just the simplest. In the “Lochfyne,” and in several hopper barges recently constructed for 
French harbour authorities, provision is made for independent manceuyring of the propellers. This is 
effected by reversing the polarity of the motor fields when it is necessary to change the direction of 
rotation. With this system, however, the r.p.m. of the two motors must be approximately the same, for 
the motor rheostats are only arranged to vary the field currents within small limits, and the speed remains 
dependent on the generator excitation as in single screw vessels. 

Fig. 4 refers to a cement carrying vessel whose manceavring qualities need to be absolutely reliable, 
as she is employed chiefly in canals and inland Waters, and whose port services require more power than 
the main propulsion. To meet the latter, it is arranged that either or both of the main generating sets 
can be switched on to the power bus. To ensure that the propulsion services will not fail various 
electrical devices are fitted. If a fault develops in either half of the motor or in either of the main 
generators, an “out-of-balance relay” cuts out the excitation of the defective machine and introduces the 
necessary resistances into the remaining fields to enable the vessel to proceed without any delay at all. 


Once the excitation has been removed from a machine, automatically or manually by the engineer, 
the armature in question may be shorted and cut out. 


The necessity for adjusting the remaining fields when this is done will be seen if the case of one 
generator being cut out be considered ; power is reduced 50 per cent., which should correspond to 81 per 
cent. of full speed; the voltage impressed on the motor is, however, only 50 per cent. of normal, 
therefore, to bring its speed up to 81 per cent., its field current must be weakened. 


The “earth” relay and the “over-current” relays only cut off excitation after a time lag, which 
allows the “out-of-balance” relays to clear the fault if they can. 


The excitation and steering motor su ply are ensured by an automatic change-over contactor 
normally connected to the 220 volt mains. should this supply fail, the contactor automatically switches 
over to an emergency battery bus, and, in doing so, it operates visible and audible alarms. The capacity 
of the battery is 110 amp-hours, which is ample to maintain the services in question till the engineer can 
start up the emergency generator seb. 


ALTERNATING CURRENT DRIVE. 


Two types of motor have Leen used in A.C. installations ; induction and synchronous-induction motors. 


With both, turbo-generators of designs only slightly modified from shore practice supply current, 
usually three-phase, to one set of motor terminals. ‘Phe motor windings are arranged for the number of 
poles necessary to give the desired gearing effect and are led finally to terminals which are interconnected. 
The alternating currents passing through these windings produce waves of magnetic flux whose crests 
correspond with the poles of the windings and whose speed of rotation is synchronous with that of the 
generator rotor ; that is to say a crest of the flux wave passes from one pole of the motor stator to the next, 
while the generator rotor makes a half revolution (this rotor having two poles). 
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If two standard speeds are required the motor windings are arranged (in the case of induction 
motors) to produce either of two different numbers of poles. In such a case the generator stator coils 
may be grouped in two ways so that at full turbine speed current can be supplied at two different voltages 


corresponding to the power output. 


In an induction motor the rotor is not supplied with any excitation. As the flux waves sweep over 


its surface (changing the number of lines linked with each conductor) E.M.F.’s are induced in the 
conductors and produce currents which in turn produce tangential forces and so a driving torque. This 
motor cannot run at synchronous speed but as shown in the curve R, = 0°1X, below, runs at almost 


constant speed for all working loads. 
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Referring to the torque curves shown above, it will be noted that the stable portion of each curve is 
that to the left of the peak. When operating on this, any increase of torque reduces the speed and, within 
the working limits, the speed and torque adjust themselves automatically. If the torque required by the 
propeller exceeds that shown as unity the motor falls out of step and comes to rest. The effect of this 
on the current in stator and rotor is shown in the “Circle” diagram. If on the other hand a driving 
torque were applied, the speed of the motor would exceed synchronism and the motor would become a 
generator. For any load the power-factor is measured by Cos $ which is a maximum for the. position of 
P where OP is a tangent to the circle and generally that is the position for the design full load. 
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In the synchronous motor on the other hand the rotor has definite salient poles which are excited 
with direct current supplied through slip-rings. The rotor poles correspond with those of the stator 
and once their fluxes interlink (which can only take place effectively if the rotor speed is very near 
synchronism) the rotor is pulled into step and is kept there. Increase of torque sets back the rotor 
poles in relation to those of the stator but does not change the speed. To provide for starting a 
synchronous motor a squirrel cage is formed by fitting bars in the pole faces and by means of this cage 
the motor is brought up to speed as an induction motor. This type is strictly called a synchronous- 
induction motor. 


Inpuction Motors. 


In one type of induction motor the rotor is definitely wound for the same number of phases as the 
stator and these windings are led to slip-rings. In another, the squirrel-cage type, the rotor conductors 
consist of bars whose ends are all permanently connected to two end rings and there are no slip-rings. 
The ordinary motor of either type has a low starting and reversing torque and must be modified for 
marine use. While many factors enter into the problem, in the main a high starting torque is produced 
by temporarily increasing the rotor resistance. This is generally done by :— 


1. Using a definitely wound rotor, connected through the slip-rings to external resistances 
formed of (a) a single block per phase, or (/) a variable liquid rheostat. 


2. Using a double squirrel cage in which one cage has a high resistance and produces a high 
torque at low speeds and is practically ineffective at full speed. 


The operation of 1 (a) is illustrated by the torque curves of U.S. Aircraft-Carrier ‘‘ Langley,” see 
Fig. 8. It will be noted that there is a great difference in shape between the curves for “normal” 
conditions “D” and operation “with resistance in” “C.” A point may be reached in accelerating this 
outfit when the propeller torque curve is higher than either of the motor torque curves. To pass this 
point the speed of the turbine must be momentarily reduced to bring back the peak of the normal torque 
curye as shown “IF”; that done, the resistance can be shorted and the turbine speed again advanced. 


1 (0) is illustrated by the Ljiingstrom type mentioned later. 


2 has been widely used in the U.S. Navy on account of its extreme simplicity and robustness. The 
characteristic curves are shown in Fig. 5 and the arrangement of the cages in Fig. 6. The efficiency of 
this type is high but its power-factor is rather low, which entails larger, but not more powerful, 
alternators. 


The Ljiingstrom type of installation has been fitted in a number of vessels. Some were failures, 
owing to inadequate boiler capacity, but several are still running satisfactorily. ‘Two ships employed on 
the Marseilles—-South America run will serve as examples (“Guaruja” and “Ipanema”). They are single 
screw vessels, of 4300 tons gross, and required to have a passenger service speed of 13 knots and a cargo 
service one of 10 knots. This could have been arranged by using a single motor having two independent 
windings, but, as the installations were experimental when built in 1921," it/was"decided to fit two 
separate motors, one with its stator wound for’ 36 poles, to propel the ship at 13 knots and 168 r.p.m., 
and the other with a 48 pole winding’ for 10 knots and 124 r.p.m. The motors beingjaft, the extra 
space and weight required were not of great importance. 


Two generating sets of the opposed turbine type are fitted, which run with speed (3000 r.p.m.), 
frequency (50 p.s.), and voltage (1200) approximately constant. Each set incorporates two alternators 
permanently coupled in parallel and an exciter, whose voltage can be increased for starting and reversing, 
when the motor makes a heavy demand and the main voltage tends to sag. Hither set can drive the 
48 pole motor. When proceeding at 13 knots both are coupled in parallel to the more powerful motor. 
No special synchronising device is fitted, as the generators are always coupled together when stopped and 
automatically come into step before taking up the load. 
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The speed of the motor is controlled by an alkaline liquid rheostat of the cone type. Manceuvring 
is quite satisfactory, but it would be inefficient to proceed at reduced speed by using the rheostat. For 
instance, to run at 140 r.p.m. would mean that about 11 per cent. of the power output would be 
dissipated in the rheostat. It is possible, however, to vary the propeller speed plus or minus 5 r.p.m. 
from either standard speed by adjusting the engine stop valve. 


This system has obvious limitations. Within them the performance is satisfactory, the consumption 
being just over 11 lbs. of oil per S.P.H. hour (steam at 200 Ibs. per sq. in.). As compared with sister 
vessels driven by steam reciprocating engines, a fuel saving of from 45 to 55 per cent. was obtained. 
Some of this gain is attributed to the fact that with this system (having voltage and frequency fixed) it 
is possible to supply all auxiliary power from the main generators. In these ships all the main engine 
auxiliaries are supplied with A.C. at 190 volts through a static transformer, and the remainder and the 
lights by D.C. at 110 volts from a rotary transformer. 


It seems unlikely that this system of propulsion will be further developed unless a governor is 
evolved which will permit of varying the turbine speed more widely. This problen: is not so simple as 
in the case of single alternators, where the necessity of maintaining synchronism while changing speed 
does not arise. 


SyncHronous Motors. 


The synchronous motor has been previously described by Mr. Butler and it is only proposed, now, to 
refer to the developments which have taken place since his paper was prepared. In parenthesis it must 
be said that the opinion Mr. Butler put forward that this type of motor was destined to wide adoption in 
passenger vessels is to-day justified. 


No radical change in this type has taken place but many improvements have come about. 


The stator frames and the spiders of the motors are now built up of welded plates. This materially 
reduces weight and cost. The stator conductors are formed into bars which are insulated, impregnated 
and pressed to shape before assembly so that only the insulation over the soldered end-joints has to be 
done in place. This ensures that the insulation is to a high degree non-hygroscopic and free from air 
pockets. It is claimed that machinery so made will stand months of submersion in sea water. The 
practice also lends itself to ready repair of damaged conductors. 

The insulation is almost entirely of mica or mica tape and so is not affected by high temperatures. 


Special care is taken to keep the engine room free from moisture, the turbine gland leakage being 
led away in pipes connected to fans. 


EXCITATION, 


Except in the case of very large installations it is desirable that the voltage of the normal excitation 
supply should not exceed 110 volts. The reasons for this are partly mechanical and partly electrical, for 
as between field circuits designed for 110 and 220 volts, it is possible to make the former more solid and 
so more able to withstand centrifugal stresses than the latter, and further, the electrical stresses, due to 
self-induction when the circuits are interrupted, are much greater in the case of 220 volt windings than 
in those designed for only 110 volts. 


The excitation of the motors is kept practically constant. Where the normal source of supply is 
220 volts, the fields are divided into two sections, supplied by separate slip-rings, which are grouped in 
series. When the motor is being reversed and started as an induction motor, the A.C. voltage induced in 
the field circuits may be of the order of 1000 to 2000 volts. Arrangements must therefore be made to 
interrupt the connections to the D.C. mains when reversing and starting and, in the case of vessels like 
the “Viceroy of India” with a 220 volt supply, the contactor connecting the tio halves of the field must 
be opened at these times. 


The connections between the motor slip-rings and the switch-gear must, obviously, be suitable for 
the voltage which may be induced in these circumstances. 


The excitation of the alternators is arranged in one of several ways. 


ci 


Where, as in most American ships, the D.C. mains are arranged on the balanced three wire system, the 
excitation is normally taken from one outer and the middle wire at 110 volts and during manceuvring 
from the two outers at 220 volts. 


Otherwise either a special balanced three wire system is provided for the excitation with a booster to 
increase the voltage as necessary, or motor generator sets are installed to transform the excitation voltage 
from 220 to the desired pressure. 


In modern ships so many essential services are run from the D.C. mains that it is imperative that 
this source of power should be reliable and that being so, it does not seem necessary to make special 
arrangements for maintaining the excitation should the main D.C. supply give out. 


OPERATION. 


The “ Viceroy of India” is a most successful example of recent practice. A good deal of information 
has already been given about this ship in the technical press which the author will endeavour not to 
reiterate. 

Normally the switching operations necessary for manceuvring are carried out by contactors operated 
by solenoids actuated by three levers. In case of the solenoids failing, cams, chain driven by these levers, 
move the contactors. 


The operation for manceuvring is as follows :—The turbines are set at one-fifth full speed and all 
main engine auxiliaries including the exciter motor generators are started up. To “go ahead or astern,” 
the “direction lever” is put in the required position and the “field lever” is moved to the first notch. 


This closes contactor No. 1 in Fig. 7 and short-circuits the resistance in the exciter field by closing 
contactor No. 2, thus giving double excitation (about 186 volts and 550 amps.). The motor now starts 
as an induction motor. When it is away, the “field lever” is advanced to the second notch closing the 
motor field contactors Nos. 5, 6 and 7, in Fig. 8. On the motor coming up to synchronous speed the 
“field lever” is further advanced to the third notch, the resistance is inserted by opening contactor 
No. 2, while contactors Nos. 4 and 8 are closed. With normal generator excitation, $3 volts and about 
220 amps, the motor is now running as a synchronous motor and can be speeded up or slowed down by 
further movement of the “field lever” or by using the “dead slow lever,” both now operating on the 
turbine governor. 

On notch 1, the generator voltage is of the order of 1,200 and current about 3,000 amps. per phase. 
The latter falls to about 2,000 as the motor synchronises and when the lever is moved to notch 3, the 
volts fall to about 750 and the current to a lower figure. 


In stopping from any speed, the generator is first brought to one-fifth speed before operating the 
contactors and it is arranged that the excitation is not doubled as the field lever returns over the notches 
to “off.” 


Normal full load, with one generator per motor, is 1,200 amps. per phase, with a line voltage of 3,150. 


The reversing contactors are designed to interrupt full load currents but it is the practice to wait a 
moment, if necessary, after operating the field lever, till the main current (due to residual magnetism) 
falls to 750 amps., before moving the lever to “off” or the opposite direction. This practice involves no 
appreciable delay and reduces the wear on the contactor tips materially. 

The arrangements whereby the job may be kept going in case of breakdown (however unlikely) are 
numerous. If the generator stator develops a fault to earth, the ship can simply carry on, after cutting 
out the intentional earth, Fig. 10, and the audible but not the visible alarm. If the failure be between 
turns, the generator in question must be shut down and repaired by (@) renewing the defective bar, or 
()) cutting out the defect by fitting a temporary jumper bar: this leaves the phases unbalanced and power 
must be somewhat reduced or (c) in the entire absence of repair facilities, the defective phase can be 
entirely cut out and the job be run slowly as a two phase installation. 


The motors are electrically double and have each four circuits in parallel. If a defect develops 
here the defective coil must be located and it must be cut out by severing its connections to the end buses 
and it must also be cut through at its ends (Shown X on Fig. 9); all the ends so left are then insulated. 
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This done the motor can either be run with only the defective coil out of action, at three-quarters full 
power, or the half motor, in which is the defective coil, can be cut out and the motor be driven at half 
power (but balanced). 


Overloading is prevented by limiting the nozzles of the turbine so that, whether driving one or two 
motors, the steam input is insufficient to overload either generator or motor. There is no need for fuse 
or overload device in the main circuit. Mr. Belsey stated in his paper on this job (Inst. Naval Arch.) 
that the motors would stand full load current at standstill (in case of the propeller being fouled) for 20 
minutes. 


CooLine. 


Practically all the energy lost in electrical transmission must be absorbed by the cooling air supplied 
to the generators and motors. All large machines have forced ventilation. In modern alternators the 
ventilation system is “closed” with a cooler of the condenser type located under the stator. With this 
arrangement it must be made possible to change over on to “open ventilation” in case the cooler should 
fail. In some vessels this can be done instantaneously by lever operated shutters. Otherwise, power 
should be reduced to half in case of trouble; the alternator could then be run for a considerable time 
without overheating. A great advantage of the closed system of cooling is that practically no dust and 
little moisture get on to the windings. With the open system endeavour should be made to supply clean 
and dry air to the fans. 


FirE EXtinGuisHIne. 


For alternators in the U.S. Navy and many American merchant ships, steam-jet extinguishers are 
fitted in the end shields. This practice does not seem to be followed on this side of the Atlantic. 
Where the closed system of ventilation is used, the advantage of fitting steam jets is debatable, as the 
amount of oxygen in the system available to support combustion is small. For motors and elsewhere, 
portable extinguishers are relied on. In case of fire, the first action should, of course, be to cut off the 
generator excitation, and it seems desirable that arrangements should be made for this to be done from a 
position distant from the machines, which could be reached in case of fire or a burst steam connection. 


MacHIneE HeEatinc. 


Definite heating arrangements are usually made for all main generators and motors, so that they can 
be kept reasonably free from condensation, and be dried out if, by chance, they should become damp. In 
some vessels reliance is placed on maintaining the engine room temperature at a reasonable height. In 
earlier jobs, steam or electric heaters were fitted in the bases of the stators, but in modern ones 
connections are fitted whereby low tension direct current can be passed through the windings. In A.C, 
machines usually only the fields are so heated. In D.C. generators it may be more convenient to cross 
connect the armature brushes with a cable and run the machine with its fields disconnected, magnetised 
only by the residual magnetism. An ammeter should be included in the circuit to ensure that the 
current does not much exceed the normal. If a machine be damp it may take several days to dry it out. 


TESTING. 


The testing of new jobs seems to follow shore practice of impressing about three times the normal 
voltage. The time factor is very important, for the insulation resistance falls (within limits) as the 
temperature rises and if the generation of heat by the leakage current be greater than can be dissipated, 
failure is only a matter of time. In America the practice seems to be to use a higher voltage for a 
shorter time than here. In testing plant the megger is widely used, and the value of the results 
obtained are widely disputed. It seems agreed that the megger can detect an increase of dampness, but 
it cannot be relied upon to indicate when insulation is perished. Where, however, regular readings are 
taken ‘in similar circumstances, ¢.7., immediately after shutting down, it seems unlikely that the record 
would fail to give warning of the development of a serious ‘defect. 
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The G.E.C. of America have recommended the “Kenotron” set as more reliable than the megger ; 
in this a D.C. voltage not less than the normal is impressed and so the true leakage current can be deter- 
mined. They also have suggested the following test as having been found successful under various 
operating conditions :— 

After the generators have been carefully examined and thoroughly cleaned they are run on open 
circuit with sufficient excitation to raise the terminal voltage about 25 per cent. above normal for five 
minutes. After that test the voltage is reduced to normal and the several terminals are grounded in 
succession. In making the test the neutral should be disconnected from any ground connections and 
arrangements be made to break the field current instantaneously in case of failure. 


This test is more searching than the application of the equivalent voltage from a transformer as it is 
in reality a test from turn to turn, coil to coil and phase to phase. 


ONE PHASE EARTHED. 


NORMAL. Fig. C. 


MAINTAINENCE. 


__ It is claimed for electrical machinery that the repair bill is lower than for other types. To achieve 
this the makers stress the necessity for cleanliness. There are good reasons for it :— 


1. Lubricating oil damages insulation. 


_ 2. Dirt (whether dust, oily matter or salt), especially if it contains metallic particles, is not 
an insulator and may lead to “flashing over” from the ends of exposed conductors. 


3. Dirt prevents proper cooling by restricting the flow of cooling air and reducing the heat 
transference from insulating surfaces to the air. 


Every endeavour should be made, in design, to prevent the entry of dirt. Its removal, if it be dry, 
can be effected by vacuum cleaners or low pressure blowers. Oil and salt must be removed by the use of 
high grade petrol, benzine or carbon-tetrachloride, care being taken to use no excess of liquid which may 
simply flush the dirt into inaccessible places. When varnishing is necessary (say once a year for exposed 
parts) care should be taken not to put it on over dirt (to form a condenser) or too thickly, in which case 
it may upset the cooling arrangements. 

Apart from the usual mechanical examination, attention should be given to the support of end 
connections in machines to see that there is no chafing of the insulation. ‘To do this generally means 
that the end shields must be removed from generators and motors and the end rings of generator rotors 
unscrewed. It might be mentioned that in large synchronous motors the examination and repair of the 
gl is possible without removing the rotor, simply by unbolting and sliding out two or more of the 
pole pieces. 


10 


Air gaps are of the order of 1” in alternators, }” in synchronous motors and ,$9,” in induction 
motors and rotors should be realigned when the gaps are more than 10 per cent. out, 


Contactors are fitted with renewable tips, as excessive wear alters the contact pressure. The following 
are typical of the pressures used :— 


Main Reversing Contactors, rear contact ae #4 od --- 65 t0 85 Ibs. 
re A a centre contact ... rc os ... 20to 85 Ibs. 
ss Sy ot front (arcing) contact... =; «s, 20 to 85 -IDbs. 

Field Contactors, main ie aes ae 38 to 45 lbs. 


ie 3 discharge ... ae 4 8 to 10} lbs. 


These are measured with a spring balance, the reading being taken when a strip of paper can be easily 
withdrawn from between the contact surfaces. 


In D.C. machinery one point that is not always appreciated is that the wear of commutator segments 
is in the main by electrical attrition and not by rubbing. It is useless to hope that “high” bars will wear 
down and that “low” bars will in time again take up their share of the work. Actually the attrition is 
greater on the “low” bars and any unevenness tends to become chronic. ‘The only cure is grinding the 
commutator true. 


INSULATION. 


Insulation is a large subject and can only be briefly referred to here. In the main the insulation used 
on conductors in machines falls into one of two groups, cellulose, including paper, cotton, silk, etc., and 
the mineral mica. The cellulose materials are all hygroscopic and when damp their insulation resistance 
is comparatively low. They are therefore rendered more or less impervious to moisture by varnishing 
their outer surfaces and/or impregnating with oil or gum. With regard to varnishing, where, as in the 
case of the cambric used to insulate cables, the material is varnished on both sides but not impregnated, 
it remains distinctly hygroscopic. All cellulose materials become oxidized and lose their mechanical 
properties if exposed continuously at temperatures above 90 degrees C. and, in general the temperature of 
machines in which this type of insulation is much used must be kept below that limit. 

Mica in the form of sheet, tape or folium has a high insulating resistance and will stand high 
temperatures. A.C. machinery is principally insulated with it and so can be used with working tempera- 
tures between 100 and 150 degrees C. 


In the application of insulation it is of prime importance that air pockets, which prevent the proper 
flow of heat, should be eliminated and the entry of moisture prevented. The latter is accomplished where- 
ever possible by drying the insulated conductors in a vacuum oven and then impregnating them under 
pressure. 


Avuxit1ary DRIveE. 


Auxiliary drive has been successfully fitted in several vessels. An exhaust steam turbine drives a 
generator (usually D.C.) and an exciter set through mechanical gearing and the motor is installed on the 
intermediate shafting. 

The saving of fuel or gain in speed is much the same as that obtained in Bauer-Wach installations. 
Against a slightly higher cost the manufacturers claim for the electrical transmission that the power is 
available for manoeuvring and for ship’s services. The electric motor has a great steadying effect when 
the ship is pitching. This side of the subject was fully discussed before the Liverpool Engineering 
Society in February, 1930. 


Another interesting application of auxiliary drive is that installed in H.M.S. “Adventure.” This 
vessel is a cruiser of 8,000 tons displacement fitted with Diescl-Electric drive for cruising. The gearing 
in this case is the reverse of the usual, as the engines run at 343 r.p.m. and the motors at 1360, driving 
the screws at 160 r.p.m. The power developed is 4,200 s.h.p. on two shafts. One induction motor is 
fitted per shaft and Reactance-Resistors are used for bringing them up to speed. ‘These have (externally) 
a reactance and a resistance in parallel for each phase. The reactance, being highly effective at low 
speeds, compels a large proportion of the rotor current to pass through the resistance at the start, thereby, 
in effect, giving the rotor a high resistance characteristic. Near synchronous speed the reactance becomes 
practically ineffective. For normal running the stator is short circuited. 
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CABLES. 


The Institution of Electrical Engincers has not yet formulated any rules for main propulsion cables 
but some years ago the Standards Committee of the American Institute made a series of recommendations 
to the U.S. Navy Department including the following :— 


“Insulation of cables should be of black varnished cambric. Multicore cables should be lead 
sheathed with the sheath grounded at several points. Single core cables should be sheathed with 
non-magnetic armour which should be grounded at the middle point only. With single core cables passing 
through bulkheads, the distance between the centre of the cable and the bulkhead stiffeners should be not 
less than 3 inches and from parallel bulkheads it should be not less than 4} inches,” 


The American preference for cambric covered cable is not widely held in this country and is 
attributed to their paper covered cable being of a lower standard than the British. In “Power Cables,” 
A. P. Pyne holds that paper covered cables of British manufacture are definitely superior to those 
insulated with cambric, and that opinion is apparently shared by the makers who have most experience 
with shipwork. That is not to suggest that they doubt the capacity of their cambric insulated cables to 
stand up to their work. 

A comparative test on 33,000 volt cables was made by stripping off several yards of lead sheathing 
from each cable and submerging them in water. At the end of 15 months the dielectric resistance of the 
paper, which was originally the same as that of the cambric, was found to be thirteen times greater. A 
breakdown test was then applied and the cambric failed at 28,000 volts and the paper withstood 50,000. 

Lead sheathing is generally fitted now except in submarines. Where vibration has to be specially 
considered the lead is alloyed with a small percentage of Antimony or of Tin and Cadmium. 

3ritish practice is to earth the sheaths at the neutral point on the generator or motor. The ends 
are sealed by lapping with boiled cambric to prevent the entry of moisture. Any glands are, of course, 
made of non-magnetic material. 


The ratings of main cables vary somewhat, as the following instances show :— 


A B Cc D 

Voltage... noe ane SG oO 1100 1200 2600 8000 
Phase Amps ct ae “07 Sic 1100 1310 1155 700 
Cable aes si as nb | PIICAB PIICAB VCICAB VCICAB 

3 Core 3 Core Single 3 Core 
Length (feet) a ate ei one 211 134-164 30 180 
Conductors (square inches) se} "4X 0°55 6 x 0:25 2x 0°75 3 x 0°45 
Current per square inch ... met ay 500 900 770 520 


* i.e. Four conductors, each of 0°55 square inches cross section. 


ConcLUusIoN, 


Certain of the advantages claimed for electric drive have been mentioned to make clearer points 
which arise in design but the author does not propose to enter into a debate on the respective merits of 
the various methods of propelling ships. Those who desire to follow up this question will find the 
advantages of electric drive put forward by Mr. Berg in his paper before the Marine Engineers and by 
Mr. Belsey before the Naval Architects, while the pros and cons of electrical and mechanical gearing have 
been very clearly summarised by the Chief Electrical Engineer to the Admiralty in his paper read before 
he Institution of Electrical Engineers in March, 1927 (Journal Vol. 65). 


Fic. 1. Yacht “Briseis.” 


B—Battery. H—Chain Drive. 
C—Control. M—Motor, 
G—Generator, P—Petrol Tank. 
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DISCUSSION ON Mr. L. R. HORNE’S PAPER 


ON 


“ELECTRIC PROPULSION OF SHIPS.” 


THe PRESIDENT. 


Mr. Horne’s paper is to be welcomed as an up-to-date exposition of a subject which is very much to 
the front at the moment, and we are much indebted to him for the time and labour spent in preparing it. 


Some weeks ago I had the privilege of visiting the “Strathnaver,” and was considerably impressed 
by the appearance of the engine room. That a vessel of this size could be electrically propelled offers a 
very strong proof of the possibilities of the system. To the naval architect, Mr. Horne’s paper, dealing 
as it does with technical particulars of electrical machinery, does not offer much scope for criticism, but 
there are one or two points on which further information would be helpful to the designer. 


One of the first questions asked in design is how the total weight of an electrical installation 
compares with the weight of machinery of the ordinary type. 


How much space does the machinery occupy and will there be any difficulty in securing the maxi- 
mum deduction for propelling power from the tonnage? What is the relative cost of this machinery, 
and how do the running costs compare with that of more usual types ? 


These questions are outside the bounds of the paper, but are of such general interest that it would 
be very helpful if Mr. Horne could give some approximate figures. : 


Mr. J. R. Beverince. 


While the author is evidently a keen supporter of the electric drive, the paper does not fully 
demonstrate the merits of an admittedly successful method of propulsion. 


The installation shown in Fig. 1 is certainly no favourable argument for this indirect form of drive, 
as the “hidden hand” might just as well have been coupled direct or through mechanical gearing, 
to the propeller shaft. The petrol tank and carburettor could still have been situated on deck, but the 
engine fitted aft, by a slight re-arrangement of the cabin space. 


In either case, the engine will assuredly be seen, heard and smelt, the risk of fire unaltered, and the 
mechanical gearing between the electric motor and the propeller shaft, as indicated in the sketch, replaced 
by the direct drive or gearing of the petrol engine. 

On page 5, when referring to the passenger vessels on the Marseilles-South America run, the author 
states that, the motors being aft, the extra weight and space of the installation are of no great importance, 

This is scarcely correct in view of the difficulty in getting a satisfactory ship’s form right aft in order 
to comply with the requirements of space and weight. 

The power of the installation is not given, but presumably it is from 8,000 to 4,000 S.H.P., and if 
this is so, the motors may weigh about 60 to 70 tons in all, and the largest one will be about 15 to 16 ft. 
in diameter, overall. 
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The modern tendency appears to favour the fitting of the motors well forward between the main 
engine room and the after peak bulkhead. Further, the oil consumption, 1:1 lbs. per S.H.P. per hour, is 
stated to be from 45 to 50 per cent. better than that given by the steam reciprocating engine, but surely 
the comparison, weight for weight of fuel, is with steam engines having coal-fired boilers, and probably 
without refinements such as superheaters, feed heaters, etc. 


It must be borne in mind that the average modern turbo-electric vessel is most elaborately fitted 
with devices to ensure high thermal efficiency of the steam generating portion, and any comparison with 
steamers haying mechanical drive should be made only with those similarly fitted as regards to steam 
equipment. 


When this is done, as in the cases of the “ Viceroy of India” and the “ Empress of Britain,” the 
mechanical drive of the latter appears to give lower consumption than given by the electrical drive of the 
former, even when due allowance is made for the fact that the “ Viceroy of India” is operating in tropical 
waters, and consequently has about one inch less vacuum. 


If the results obtained by mechanical gearing are as good as, or slightly better than those obtained 
by electrical “gearing,” do the complicated electrical connections and fittings indicated in this paper 
justify by reliability and working economy the undoubtedly heavier first cost of electric propulsion ? 


Mr. J. S. RANKIN. 


The author is to be congratulated on his interesting and instructive paper which is a valuable 
addition to the transactions of the Association in view of the increasing number of electrically propelled 
vessels that are being built. 


Electrical propulsion of ships is by no means a new phase of marine engineering, and although 
comparatively little has been done with it in this country until recently, the vessels so propelled, under 
all flags, now number about 180. 


The “ Electric Arc” was built on the Clyde by Mr. Henry Mavor in 1911, and is, I think, about the 
earliest venture in this country. The vessel was constructed by Messrs. McLaren Bros. of Dumbarton, 
and engined by Messrs. Mavor & Coulsons of Glasgow. 


Many people still regard the electrical machine as too delicate to stand up to sea-going conditions, 
but for certain classes of vessel it merits consideration, and in some cases has shown superiority over other 
available arrangements of machinery. 


Mr. Horne has covered a very wide field in his paper, and a little further information on a few points 
would, I think, be interesting. 


Under the heading of induction motors the author tells us that “In these ships all the main engine 
auxiliaries were supplied with alternating current at 190 volts through a static transformer. 


This is a matter that has been occupying the attention of several electrical designers in this country 
for some time. 


At present, the general run of ship’s auxiliaries are on the direct current system, and this, I think, is 
defeating one of the advantages of electrical propulsion. 


I refer to the noise set up by the reduction gearing of the auxiliary turbo generating sets, which can 
be heard all over the vessel. 


To-day there is on the market a reliable variable speed alternating current motor. Formerly, the 
lack of this type of motor had been one of the main objections to the adoption of the A.C. system for all 
purposes, including engine room pumps, lighting, cooking and heating. 

With an auxiliary alternator direct coupled to a steam turbine a marked saving in initial cost can be 
shown. ‘To mention only a few items :—(1) No reduction gearing ; (2) Smaller sectional areas of main 
distribution cables, due to distributing at higher voltages to convenient centres where static transformers 
can be installed to transform the pressure down to any desired value for heating and lighting ; (3) Less 
expensive and complicated switch gear, and (4) Reduction in maintenance costs. 
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Where D.C. current is required for field excitation of propelling motors and alternators, this could 
be supplied from field motor generator sets which are already necessary in most turbo-electric installations. 


The variable speed A.C. motor has been well tested on land services, and has given satisfaction, and 
there does not appear to be any reason why it should not do the same when used for marine purposes. 


Mr. Horne suggests that the propelling motor field current in large installations should be kept 
constant. 


To obtain maximum efficiency from an alternating current motor it must be run at unity power 
factor. A very slight alteration in the field current will make a marked difference in the P.F. The 
applied voltage has its limitations in this direction, but I think control of the field current would be 
necessary. 

Admitting that a synchronous motor runs very nearly on unity P.F., one must not forget that the 
squirrel cage winding, introduced to facilitate starting, will reduce this P.F. considerably, and I under- 
stand the latest American idea is to have the field regulator of the alternator and propelling motor 
inter-connected so that the field current in the motor is automatically adjusted to give unity power factor 
under all conditions. 


The author does not consider it necessary to make any special provision for maintaining the D.C. 
source of supply to these fields. J should like to give a brief account of an experience of this arrange- 
ment that happened during the trials of a recent turbo-electric vessel. At the time there were two 
500 kw. generators supplying power to the bus bars for all purposes. These generators were loaded to 
about 400 kw. each. A fault developed in the governing gear of one of the steam turbines resulting in 
a drop of speed of the generator, this had the effect of turning the generator into a motor, the reverse 
relay on the circuit breaker operated clearing the generator from the bus bars. This had the immediate 
effect of throwing 800 kw. on the one generator, the overload trip immediately operating, and the bus 
bars were dead. Apart from a few panic lights the ship was in total’ darkness, and all machinery, 
including propelling motors, were at a standstill. 


An arrangement of preference circuits has now been developed which would have prevented the 
foregoing happening. ‘This system is so arranged that when these circumstances arise the load is reduced 
automatically to full load of the remaining generator or generators by means of timed relays which will 
disconnect the non-essential loads, such as cooking, unnecessary lighting, heating, etc., in their proper 
sequence, and ultimately reduce the load sufficiently to keep the remaining generators on the bus bars. 


This system has now been installed on the vessel referred to, and is now general practice in all large 
electrical installations and in particular in all electrically propelled vessels. 


The control equipment on electrically-propelled vessels is, unfortunately, most complicated, as so 
many emergencies have to be provided for. Indications have to be given of undue rise in temperatures 
and defects of insulation; overspeeds have to be indicated and, if serious, the affected circuit must be 
disconnected. All these alarms and indications mean delicate relays with fine adjustments. Once these 
adjustments are made and properly looked after, little trouble should come from them for a matter of years. 
The utmost care and attention must be given when designing the control equipment to ensure that the 
controls will be as simple as possible, and that these relays, etc., will be cut down to the absolute minimum. 


The actual operation of controlling the propelling motors and alternators, is very simple indeed, and is 
either carried out by levers or hand-wheels, the latter being the simpler. ‘These levers or hand-wheels are 
so interlocked and arranged so as to prevent any incorrect movement being carried out at a time when 
damage would be done to the propelling equipment. 


One system is so arranged that the hand-wheel operating the reversing contactors may be turned at 
any time, but the operation of changing over the motor phases does not take place till the main control 
hand-wheel is in the stop position. 


Another very important point about control gear is the mechanical or emergency gear which should 
be fitted and so arranged that vital contactor switches may be closed mechanically in the event of any 
solenoid coil failing to operate the contactor. A very simple and comprehensive system of this mechanical 
gear has been installed on a recently completed vessel which when tested on trials proved very 
satisfactory. 
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The testing at the manufacturers works of these large motors and alternators is often a question that 
requires special consideration. 

It is seldom a 10,000 H.P. turbine can be run under full load conditions on the test bed, so one has 
to be satisfied with light running tests. 

Motors do not present the same difficulty as they can be tested under the Hopkinson principal, one 
motor being loaded against another; but even here we have difficulties in coupling up, as the phases 
must be placed in the correct relation to one another in the two motors, and it is usually a case of trial 
and error to get the couplings properly adjusted, so that full load current will circulate at the designed 
field current. I have seen this full load test carried out on large motors on three occasions with success. 

In event of not being able to carry out a load test the question is which of the many light running 
tests is going to convey most to us. 

There is the short circuited test giving copper-heating indications, but in my view the most 
important light test is the one that will indicate iron or core heating. This core heating is usually due 
to eddy current losses, and as the eddy currents are proportioned to the speed and field current, an 
excellent test can be carried out by over-exciting the field windings and running the motor at a safe 
over-speed. ‘Ten to fifteen per cent. excess on each is quite enough. If any undue eddy currents are 

resent in the iron the defect will show up very seer ins A ran under these conditions for about four 
ours would be quite long enough. A really bad eddy current will show up in less than half an hour. 

Mr. Horne does not appear to be in favour of the “ Megger” as an insulation tester. Personally, I 
have never seen any other instrument used on the job, and I feel quite confident that a Megger, properly 
used, will give all the necessary information to enable one to decide the state of the insulation. The use 
of the Megger in a laboratory is a different question, and is not under discussion. 

I admit there are some people who consider that the Megger is a misleading and unreliable 
instrument, but not any more so than any other scientific instrument, and a certain amount of experience 
is necessary to get reliable results. In my experience it has always been the first and last test to be 
carried out on any piece of electrical apparatus while undergoing tests. 

The Megger, combined with a proper high pressure test, is most searching. 

Pressure testing often does more harm than good, and too frequent high pressure testing will 
ultimately break down any insulation. A pressure test of 2} times to 3 times normal working voltage at 
the completion of the heat run and while the windings are still warm is quite sufficient on normal motors, 
and should be applied for about 15 minutes. 

Due to the difficulties experienced in installing large pieces of electrical machinery on board ships, | 
feel that a second pressure test should in all cases be carried out after the plant has been completely 
erected and connected up. This test must not exceed 75 per cent. of the original test voltage, as the 
probability is that the insulation will have been subjected to numerous detrimental elements since leaving 
the works, and will not return to its original state till considerable running and drying out has been done. 
This second pressure test should be applied for one minute. 

The question of the type and grade of cable to be used on board ship is one that a whole paper and 
a long one could be devoted to. My sympathies are with the cable makers these days, as I think there is 
a decided fashion in cables which has a very marked influence on the cables in use at present. 

Mr. Horne does not appear to favour the use of cambric insulated cables, and says the American 
preference for this type is not widely held in this country. Mr. Horne quotes Mr. A. P. Pyne, but I 
would refer the author to a recent publication by Mr. Pyne’s firm which reads :—The use of varnished 
cambric cables is gradually increasing in this country on board ships.” 

Some three years ago paper insulated cables were not very satisfactory on ships, principally due to 
the resinous liquid inside the cable percolating through the outer covering, and also to the fact that it 
accumulated inside the cable at the lowest part of the run, and so draining the higher parts of the cable 
where drying up and cracking occurred. 

Many defects of this nature were showing up until the British Admiralty and at least one large firm 
of shipowners prohibited its use for vertical or rising runs. 

ortunately, the manufacture of paper insulated cables has improved considerably, and to-day many 
of these objections do not exist. At the same time the use of cambric insulated cables is growing very 
rapidly, and it is seldom one comes across paper insulation. 

I agree with Mr. Horne about the black or bitumastic treated cable being the better of the two types. 
Bitumen appears to stop the creepage of moisture between the layers of cambric. 
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Personally, for propelling purposes [ would recommend the use of bare copper strips, efficiently 
supported on insulators boxed in with sheet iron plating. This method appears to be popular for short 
runs, but the engine room lay-out does not always permit of its use. Where copper strip cannot be used, 
lead covered, and braided covering having a good grade of rubber insulation will, in my opinion, prove 
as satisfactory as any other grade of cable. 

One of the most important points about any electrical installation and in particular to marine 
installations is to keep all contacts clean and free from roughness, and all windings free from dust 
and oily deposits. Windings should be cleaned periodically, and air ducts kept free for air passage and 
ventilation. With proper care and attention these marine propelling installations should last many years 
with very small maintenance costs. 


Mr. A. Ewrnea. 


Mr. Horne has placed before the Association a paper dealing with a subject which must become more 
and more part of our work in dealing with passenger liners. 

Regardless of the fact that the electric drive may not show sufficient economy over the geared 
turbine to justify the additional first cost, and the fact that economic speeds are more restricted, 
nevertheless, if first-class passengers want ships fitted with electric drive, shipowners will give them what 
they want. 

I do not propose to attempt to criticise the paper, but having had a little to do with one of the early 
electric drives about ten years ago, it may be of interest to note some of our problems. 

The ship was fitted with two sets of Ljiingstrom turbo-driven generators, supplying current to two 
slip-ring induction motors geared to a single screw. 

There was no connection whatever between the port and starboard sets. The port generator supplied 
power to the port motor and the starboard generator to the starboard motor, so that all refinements for 
synchronising the sets were eliminated. The manceuvring was apparently simple, being effected by 
rotation of a wheel which controlled the reversing switches and fluid resistance in the armature circuit of 
the motor. Provided the starting or reversal was done slowly all was well, but if the operation was not 
very carefully carried out, the lines of force parted, and it was a case of throwing in the resistance and 
starting afresh. This is guarded against in modern equipment by having stops to prevent the engineer 
from throwing over too quickly. Another trouble was stalling in a seaway. It appeared that with the 
fluctuation of load due to the propeller coming out of water something got out of step, and when the stern 
of the vessel came down the motor stalled. 

Independent exciters were fitted for use in rough weather, but the test of these was my last visit to 
the vessel, so I don’t know if it overcame the trouble. 

Another trouble was found in the brushes of the motor. It was very difficult to prevent minute 
grooving of the brushes and rings, and as on reversal the brushes found new positions on the rings, the 
contact was very imperfect, and the flames from the brushes were the cause of some anxiety. 

I am glad to be able to join in thanking Mr. Horne for his paper. 


Mr. C. W. Reep. 


I am sure the author deserves our congratulations and hearty thanks for his paper. 

In view of the fact that more and more electrically driven vessels are being constructed, this paper 
is very opportune and helps to fill the gap in our Rules. 

It would be of considerable assistance, I am sure, to Surveyors holding periodical surveys if the 
author could append to his paper a summary of those parts of the electrical equipment of an electrically 
propelled vessel which he considers from his experience to be the most essential to be carefully examined, 
and the probable defects to be looked for. 

In connection with the use of electricity for auxiliary drive, in the case of existing steam recipro- 
cating engines, it may be of interest, as a recent example, to quote a ‘City Line” vessel, originally a 
ae of 4,260 I.H.P. at 81 r.p.m. 230 Ibs. per sq. in. and 150° F. superheat (28 in. vacuum). An 
exhaust turbo-electric plant was fitted, and found to give 28 per cent. increase in power for the same fuel 
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consumption. This plant consists of an Impulse turbine taking steam from the L.P. at about 8 lbs. per 
sq. in. and, running at 3,000 r.p.m., drives a 440 volt D.C. dynamo at 750 r.p.m. through S.R. gearing. 
This in turn supplies current to a motor incorporated with the tunnel shafting, which motor delivers 
1,350 8.H.P. at 86 r.p.m. 

Owing to the lateness of the hour I will not detain you further except to thank, once again, 
Mr. Horne for his valuable paper. 


CORRESPONDENCE. 
Mr. W. T. Bapaer. 


We have to thank Mr. Horne for his very comprehensive review of Electric Propulsion for Ships. 
There is no doubt that the modern tendency is to avoid direct current for electric propulsion where the 
vessel is of the luxury class, and where it is desirable to retain steam as the prime mover. To be able to 
take full advantage of the high speed turbine, the synchronous motor is of course the ideal drive. 
The advance in design and application of A.C. machinery in the last twenty years has quite overshadowed 
the D.C. plant which, generally speaking, for propulsion, is excluded owing to its weight, maintenance 
cost and relatively clumsy operation. 

With reference to the insulation of synchronous motors being able to withstand months of submersion 
in sea water without damage, this is very open to question, and I should not hesitate before I recommended 
a complete rewind and renewal of all the insulation. The insulation being of mica would become mushy in 
sea water, and in regard to mica tape, the mica would simply fall off, as it is only fastened with shellac 
applied under heat and pressure. The question of keeping propulsion generators and motors free from 
dampness is one which requires a good deal of thought. The amount of dampness depends not only on 
the length of time a vessel may be idle, but also on the route the vessel is engaged on. For example, 
a vessel trading from England to Australia would be under quite different conditions to a similar vessel 
trading from New York to Bermuda, where she may leave a freezing temperature and in two days be in 
a temperature almost tropical. The ideal system of effecting the best results is at the moment, in my 
opinion, in its experimental stages. As regards testing with the Megger, the only method of doing this 
satisfactorily is to do so at regular intervals and recording the results. The usefulness and value of the 
Megger test can only be appreciated by experience. 

With regard to testing by the Kenotron (G.E.C. of America) I would say most emphatically that 
the same should be done by the additional insertion of a fuse and switch in the earth circuit in order to 
obviate any chance of a burn out whilst under test. There is no doubt that this test is a thoroughly 
searching one. 

Every manufacturer issues his own list of instructions to keep down the repair bill, these require- 
ments may vary with the type of machinery supplied. In A.C. machinery one feature should not be 
overlooked and that is the one of air-gaps. All motors and generators should be periodically tested. 

With reference to the relative values of breakdown voltage in paper and Y.C. insulated cables after 
a period of time, this is of very little value except for laboratory information. It must not be read to 
mean that paper or V.C. insulated cables can be exposed to risk of moisture or dampness when being 
installed. The makers of these cables are very insistent and definite on this point. In repair of paper 
insulated cables where a breakdown does occur it is necessary to remove the whole length and replace it 
with new cable, one instance occurs to my mind in which the cable was cut, the portion left in was tested 
out and appeared satisfactory, but before the vessel was ten days out of port the remaining portion had 
broken down. Generally speaking, the most satisfactory cable for machinery spaces is lead covered, 
armoured and braided cable or, if run in pipe or conduit, lead covered and braided cable should be used. 
Lead covered cable in machinery spaces clipped up or run in pipe has long been known to be unsatisfactory. 

Mr. Horne in the course of his paper refers to the controls in the ‘ Viceroy of India.” The 
alterations in later vessels of similar type are only in matter of detail, but he has not mentioned the 
question of quadruple drive. There is, however, very little difference in the actual control whether done 
by levers or hand wheel since in the former case one motor is controlled and in the latter two. The 
placing of motors on to various generators is done through selector switches. In the event of the 
emergency breaker operating I should like to learn what load is on the contactors when operated, assuming 
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the four motors are going full speed. I presume the load will be cut down before the break takes place 
but I have no information on this point. A practical test as above may be very instructive under sea- 
going conditions, since these contactors will be enclosed (limiting the air space) and the temperature will 
be above that of the test room. 


Mr. H. HArrner. 


The description of the number of ways which electric drive has been applied on ships both for 
propulsion alone and also in conjunction with power required for purposes other than propulsion, shows 
it has the distinct advantage of being adaptable to practically any of the wide variety of shipowners’ 
requirements. 

Under the heading of ‘‘ Cables” it is interesting to note the remarks regarding varnished cambric 
dielectric. This type of insulating material for ships cables has only been adopted in this country during 
recent years, and at first did not meet with any marked success. No doubt the opinions expressed in the 
early days were based on experience. Latterly, the process of manufacture of varnished cambric and the 
method of applying it to the conductors have been considerably improved, and from its behaviour under 
similar conditions both in propulsion circuits and in general installation work on board ship, is proving in 
every respect to compare very favourably with paper insulation. 

Our thanks are due to Mr. Horne for his interesting paper dealing with a subject which is becoming 
one of vital importance in ship’s propulsion schemes. 


H. A. GARNETT. 


As the author has devoted a section of his most interesting paper to the Ljunstrom type of install- 
ations, a description, together with a few remarks on the performance of this type of propelling machinery 
as fitted in two Japanese owned vessels, may be of interest. 

The installation in each case consists of two sets of turbo generators which supply the electric power 
to two motors connected to the propelling shaft by means of single reduction gearing, and controlled by a 
hand wheel fitted on a manceuvring box which contains the switches and resistances necessary for change 
of speed and direction of rotation. 

In one vessel the generators are designed to develop an output at normal speed corresponding to a 
total effect on the main shafting of 3,000 I.H.P. at a propeller revolution of 80 per minute, driving the 
vessel at an average speed of about 12 knots in a fully loaded condition. The turbines are of the radial 
flow double rotation type with two turbine discs running in opposite directions. There are two three-phase 
alternating current generators directly coupled to the generator shaft and one direct current exciter supply- 
ing current to the magnet of the rotors. The power developed at normal speed is 1,000 k.w. at 3,600 r.p.m. 
with a frequency of 60 per second, the exciter capacity being about 13 k.w. A centrifugal type speed 
governor is driven from one of the generator shafts, through the medium of worm gearing and controls 
the steam supply by means of a throttle valve operated by oil pressure, a speed change device is also fitted 
to enable the speed of the turbines to be reduced from 8,600 to 8,000 r.p.m., and an emergency safety 
device is coupled to each generator shaft to prevent the speed exceeding the normal more than 10 per cent. 
The two motors are of the three-phase induction type of 1,400 B.H.P. and 800 to 1,000 volts with 60 
eycles per second, each motor being directly coupled to a driving pinion, both pinions being geared into 
the common driving wheel. 

The auxiliary pump motors receive their power from the main generators and the lighting on sea 
service by alternating current reduced to 100 volts through a transformer. In case of emergency the 
exciting current for the main generators is supplied by a steam driven six k.w. D.C. generator at 100 
volts, this set also being used for wireless, lighting in harbour and for supplying power to the air compressor 
motor. In the other vessel the lighting on sea service is supplied by a steam driven auxiliary 15 k.w. 
generator at 100 volts and for exciting current in emergency a 25 k.w. steam driven generator at 100 volts. 

Both these vessels use coal as fuel for generating steam which is supplied by three single-ended 
boilers fitted with forced draught of the closed ash pit system. 

These vessels have now been in continuous service for about 10 years and the running costs have 
been heavy, chiefly owing to steam losses in the turbines and repairs to motor wiring, etc. The 
consumption on trial was 1°87 lbs. of coal per S.H.P. hour but it is now round about 2°2. The running 
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expenses are estimated at about 30 per cent. heavier than with vessels of the same size fitted with 
reciprocating engines, so I am in full agreement with the author when he states that this system has 
obvious limitations and unless modifications are made in the design of the turbines further development 
is unlikely. 


Mr. J. S. HEcK. 


I desire to offer my thanks and congratulations to Mr. Horne for his excellent paper on “ Electric 
Propulsion of Ships.” 

This has been so widely discussed lately that it is difficult to say anything new. I will therefore 
confine myself to a statement that, as far as we know here, all electric drives have been quite satisfactory 
as far as the electrical end is concerned. 

We have not had any repairs to the electrical part of the drive. Even in one case where the motor 
was submerged in fuel oil owing to a manhole in a double bottom being left open, the motor gradually 
recovered and in a year’s time was found as good as original. 

Owners, superintendents and engineers having electric drive ships express themselves enthusias- 
tically as regards the absence of noise, dirt and repairs. So do Surveyors. Passengers are favourable to 
the first item, and the words “ Electric Ship” are very good advertising. 

The chief criticisms that have been made against electric drive are (1) First Cost, (2) Fuel Economy. 
The electric companies replies to these points are :— 


(1) That electric drive is indicated for large ships and those having special trades in which 
an expensive ship is justified. With a large ship, they maintain that there should be little or no 
difference. 

(2) They maintain that fuel measurements have been made on 8.H.P. which can be obtained 
exactly on electric drive, but which cannot be obtained as accurately on torsion-meters. They 
believe that the fuel consumption of electric and single reduction gear drives is approximately 
the same. Double reduction gear turbines might show a betterment but some simplicity is lost. 
As yet there have been no cases of sister ships of different drive running against one another 
and this would be the crucial test. 

Further, all large ships at some time are variable speed ships and the advantage of a high 
economy at half power is some offset to a possibly slightly higher consumption at full speed. 


Mr. Horne appears very favourable to paper covered cables. The question has been carefully 
considered here. Paper covered cables are used for long cable runs in power installations ashore but for 
marine use the decision is for varnished cambric cables, their chief advantage being simplicity. I think 
that the record of American progress in electrical engineering does not require any defender. 

The General Electric Company inform me that the statement (page 9) that they recommend the use 
of the Kenotron set is hardly correct as far as marine haere ay is concerned. This system has been 
successfully used on long cable runs ashore but after thorough discussion it was decided that the data 
available did not justify a recommendation for use on rotating machinery or for the lengths of cable used 
on shipboard. 


REPLY BY THE AUTHOR. 


The author feels that whatever the value of his paper it has at least initiated a most useful discussion 
of an important subject. Many members have added information for which they deserve thanks. Much 
that has been said calls for no comment on the author’s part. 

Referring to individual contributions, Mr. Thomson asks for details of cost, space and weight. The 
author regrets he can give no precise details of recent installations; in small jobs the cost and weight of 
the switch-gear, insulation and accessories must be rather high; in medium powered vessels space require- 
ments for an electrically propelled job should be rather less than for mechanically geared turbines, and 
weight and cost should not be much greater; in the highest powered installations the cost is stated to be 
less for the electric outfit. It will be noted that the new 1,000 foot French liner is to be electrically 
driven. 


9 


When the paper was read Mr. Dorey raised the question of the space required for switch-gear. This 
is not at all excessive as the electric controls are located in a single cubicle and the manceuvring platform 
need be no larger in an electrically driven ship than in any other type. 


As regards deck control, the author’s opinion is that this is of great advantage for vessels whose 
work is confined to or largely in restricted waters, provided there is always a competent engineer at hand 
to take over the engine controls if need be. 


Mr. Beveridge makes several criticisms which are to the point but the author does not agree that a 
yacht owner is likely to think that the movement of the main cabin a few frame spaces to the forward is 
of no importance. The Ljunstrom installations referred to were not ideal, but the sizes and weights of 
the motors were less than Mr. Beveridge estimates. From a small scale print the diameters of the motors 
appear to be 13 and 15 ft. Mr. Beveridge is quite correct in arguing that part of the gain in economy 
claimed for the electric drive is derived from the saving in operation of the ship’s auxiliaries and from the 
use of higher steam temperatures and pressures. The system lends itself to such arrangements. 


Mr. Rankin has made a contribution to the discussion which deserves everyone’s thanks. A good 
deal of what he says calls for no comment by the author, but is of extreme interest. 


As he says, electric propulsion is no new thing, indeed, the earliest installation of which there is 
record (so far as the author knows) is that put into a river boat in 1839 ! 


In discussing the possibility of adopting A.C. drive for auxiliaries Mr. Rankin opens up a large and 
very interesting subject which might well be added to the list of subjects deserving a paper to themselves. 
Cables and switchgear are obviously also candidates. 


With reference to the excitation of the main motors, the author did not mean to imply that this 
should be kept absolutely unchanged, but that the necessary variation was slight. 


Certainly, controls should be kept as simple as possible and the introduction of the thousands of 
gadgets, with which shore engineers delight to play, should be resisted strenuously. In an ordinary 
turbine job no attempt is made to arrange for a fool-proof outfit and when electric drive is a little more 
widely understood many of the operations now carried out by automatic gadgets will be left, doubtless, to 
the watchkeeping engineer. Automatic relays and engineers both make mistakes at times, but in general 
the latter can rectify those he makes which no gadget can be trusted to do. 


With regard to the Megger, Mr. Rankin must not understand that the author thinks that it could 
be dispensed with but he did think it well to point out that it has distinct limitations and the readings 
obtained must be properly interpreted. For instance, in one installation, the builders having a very wide 
experience, gave instructions that the insulation might be considered to be in a satisfactory state provided 
the Megger reading on the stators and switch gear was not less than one megohm ; actually readings of 
about 40 megohms are always obtained but that does not mean that the insulation is 40 times as good as 
it need be. With reference to the supply for main excitation the author’s point was that although these 
are obviously essential there are many others such as the power for the circulating and feed pumps and 
the ventilating fans, the failure of which means that the main machinery must be closed down. 


Mr. Ewing gives an interesting account of an early installation. From his description it appears 
that the attempt was made to run the motors with a torque demand too close to the “ Pull-out” torque 
(that is too near the crest of the curve shown in Fig. A.). Commander Robinson (now Admiral) in his 
book states that the excitation carried should be less than, but presumably near, 20 per cent. in excess of 
that required to prevent pulling out. Slip-ring trouble is, now, much less serious. 


Mr. Reed asks what points should receive a surveyor’s particular attention at survey. The author 
cannot give an opinion based on experience of putting electrically propelled vessels through survey, because 
like most home port surveyors, these vessels have not come his way. It is well to remember that 
generators and motors are simply machines as are contactors and though they have their own peculiararities 
they are subject to the ordinary laws of wear and tear. Electrical machinery on board ships behaves very 
much as it does on land. As compared with other marine machinery it is probably correct to say that in 
its operation there is a rather greater need that it should be kept clean and dry. 


Mr. Badger expresses doubt whether the insulation of a synchronous motor would stand immersion 
in salt water. There have been cases of vessels which have been sunk and raised and the machinery has 
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been found subsequently to be quite serviceable. In the latest British built boats typical stator bars were 
tested by prolonged and intermittent submersion in salt water and neither was found to have any 
appreciable effect. 

An unhesitating recommendation for a complete rewinding and renewal of all insulation, after 
submersion, would hardly be received with unhesitating agreement by Superintendent Engineers. With 
reference to the loading of contactors in the event of the emergency breaker operating, in the case of 
synchronous motors, the main contactors would not require to be immediately operated. The D.C. 
breaker in such a vessel as the “Viceroy of India” might have to interrupt not more than 1800 amps. 


Mr. Haffner joins issue with my remarks on varnished cambric. In view of the increasing use of this 
form of covering for cables it is satisfactory to hear that in new ships it is giving excellent service. It 
remains, of course, to be seen how the two types of cable will compare at the end of 25 or 30 years life. 

Mr. Garnett has given some interesting particulars of another and less successful Ljunstrém 
installation. The trial of combined mechanical and electrical gearing has not been successful. The 
electrical repair bill which Mr. Garnett states was high, was probably largely due to the absence of, or 
failure fully to use, a proper system of machine heating. 

Mr. J. 8. Heck sends a very welcome and authoritative contribution from the side of the Atlantic 
where the atmosphere, being legally made dry, naturally suits electrical machinery. His favourable 
comment on the behaviour of electrically driven ships is especially interesting. The author is glad to be 
corrected on the subject of the use of the Kenotron testing set in marine installations. He evidently 
mis-interpreted the remarks of the Superintendent of some large American passenger vessels, to whom he is 
indebted for several useful notes on American practice. 

In conclusion the author may perhaps be forgiven for repeating that he set out neither to advocate 
nor to condemn Electrical Propulsion for ships but to describe some of its attributes. Comparison between 
different systems is extremely difficalt for even as between vessels of the same dimensions and speeds 
operating conditions vary so widely that accurate comparative calculations are not possible. Whether the 
progress of electrical propulsion is justified technically or is merely due to fashion may be debated, but 
the fact remains that few companies who have given the system a trial have turned it down and we seem 
destined to see more of this type of machinery. 

The author wishes to close with a very sincere expression of thanks for the kindly manner in which 
his paper has been received. 


GENERAL NOTES ON THE INSPECTION 
OF AIRCRAFT. 


By L. J. HILL. 


READ ON DECEMBER 16TH, 1931. 


ORIGIN AND HISTORY OF AERONAUTICAL INSPECTION. 


With an audience comprised of a number of such highly technical individuals as the Ship and 
Engineer Surveyors of Lloyd’s Register of Shipping, I feel it incumbent upon me to offer some mild 
form of apology for the somewhat non-technical nature of this paper. 

In view however of the comparative infancy of the Aircraft Inspection branch of the Society and the 
probability that the majority of you are still a little uncertain regarding the precise mode of procedure 
adopted by the authorities in this country relative to aircraft inspection, I think it best in this paper to 
offer some explanation of the manner in which this has been built up, and trust that it may be of 
sufficient interest to warrant the hope that future opportunities may arise to read other papers dealing 
more in detail with the many subjects involved in aviation. 

It may be regarded as axiomatic that some system of State Inspection should be carried out on all 
stores and equipment purchased by the Government for its own use and the peculiar conditions relating 
to aviation require that the inspection of the manufacture of aircraft should assume even greater 
importance and more detailed consideration than is required in any other equipment. It may be of some 
interest, therefore, to describe briefly the manner in which State Control of Aircraft Inspection had its 
birth in Great Britain. 

The majority of the aircraft first provided for the Royal Flying Corps were manufactured at the 
Royal Aircraft Factory at Farnborough and fitted with engines of French design and manufacture. As 
an essential part of its organization the Factory instituted an inspection department and developed a rigid 
procedure whereby all raw material entering the Factory was tested in detail in accordance with Royal 
Aircraft Factory specifications. 

If these tests proved satisfactory the material was then passed into the construction shops where 
process inspection during the manufacture of details and components was carried out followed by a final 
inspection and flight test of the complete aircraft before being handed over to the Royal Flying Corps for 
service. 

During the year 1912, the first aeroplane contracts placed by the Director General of Military 
Aeronautics, War Office, on private firms were issued, in which it was stipulated that inspection similar to 
that in operation at the Royal Aircraft Factory should be introduced on all equipment covered by such 
contracts and to be under the direction of the Royal Aircraft Factory. 

After a short period of operation of this scheme, certain points arose which rendered it desirable that 
an entirely separate organization should be set up having for its sole purpose the inspection of aeronautical 
equipment purchased for the Royal Flying Corps and eventually in December, 1913, the Aeronautical 
Inspection Department came into being, the position of Chief Inspector being allotted to the late 
Lt.-Col. J. D. B. Fulton, R.F.A., one of the earliest members of the original Army Air Battalion—the 
predecessor of the Royal Flying Corps. 

The department was immediately organized into two main technical branches dealing respectively 
with the inspection of aeroplanes and engines, each under the control of an Inspector. 

Within a period of two months from its inception, the main organization of this department to cope 
with the work then foreseen was established, and inspection at Contractors’ works which up to then had 
been carried out by the Royal Aircraft Factory’s Inspection Department was assumed by the newly formed 
body. February, 1914, may be regarded therefore as the starting point of this department 
thereafter known as the A.I.D. 

Its total establishment at this date was 24 inspectors and other ranks but as the work on the small 
contracts at private constructors’ works gradually progressed it became evident that this staff was 
inadequate to carry out all the detail inspection work required and by August 4th, 1914, the staff had 
been increased to 49. 
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To revert to the period prior to the outbreak of war, it should be noted that inspection was only 
insisted upon for those aircraft which were for the Royal Flying Corps and the State exercised no control 
over the design, manufacture or maintenance of the aircraft used by those ardent spirits who, either from 
a lust for adventure or a keen desire for the scientific development of this new form of transport became 
the pioneers of British Aviation. 

With the outbreak of war it was at once obvious that the existing establishment of the A.I.D. would 
be inadequate to deal with the rapidly increasing volume of work required of it and steps were immediately 
taken to provide the necessary increase in the staff. 

The general control of inspection at each Contractor’s works at this period was placed in the hands of 
a Resident Chief Examiner who was directly responsible to the Inspector of Aeroplanes or Engines as the 
case might be. Under these chief examiners at the larger firms two or three examiners and viewers were 
placed, each of these having definite duties allotted to them such as the supervision of material testing, 
machine and erection shops and final testing. 

The work of the department increased steadily week by: week and the system of inspection was 
developed in detail from the experience gained as to the source of possible failure, delay and wastage of 
material, of which at that time there was an acute shortage. 

From this experience it became fully evident that the inspection of all materials was of the most 
vital importance as being the basis of all inspection and that from this point of view, the suitability of 
the material for its destined service in the aeroplane or engine was the chief factor to be considered. 
Steps were taken to provide for this by the establishment of a small but complete Testing House under 
the control of the A.I.D. where tests were made of all materials, whether metallic or non-metallic. 

In order to minimise to the greatest extent the volume of work at the Main Contractors’ works and in 
addition, to prevent wastage of material and unnecessary transport of unserviceable supplies A.I.D. 
inspection was instituted at Contractors’ works producing material or manufactured parts for the Main 
Contractor and copies of all orders placed on these Sub-contractors by the Main Contractors were supplied 
to the A.I.D. examiner at the sub-contracting firm for his information and guidance in the inspection of 
these supplies. 

At the same time a system of Release Notes was instituted whereby all consignments of approved 
material or parts delivered by a Sub-contractor to a Main Contractor were accompanied by a voucher 
identifying the consignment as having been approved prior to despatch so that on arrival at the Main 
Jontractors’ works the whole consignment could be passed into store without re-examination apart from a 
superficial inspection to see that the goods had not suffered damage or deterioration in transit. 

One of the chief difficulties encountered at this period was the lack of knowledge and experience of 
the average Main Contractor regarding the particular care and procedure involved in the heat treatment 
of the newly introduced alloy steels. 

To overcome this difficulty and to assist the aeroplane or engine contractor in production and also to 
conserve to the greatest possible extent this valuable material, reports embodying the results of physical 
tests and the chemical analysis obtained on each consignment were despatched with the Release Notes. 
These test reports also embodied details of the heat treatment recommended by the Steelmakers in 
conjunction with the A.I.D. in order to obtain in the completed part the required physical qualities. 

Tt may be stated that by this means much valuable educational work was provided and data of 
permanent utility obtained. 

It will be noted that no mention has yet been made of the inspectional duties performed by the 
Admiralty Aircraft Inspection Department which up till 1917 inspected all aircraft supplies for the 
Royal Naval Air Service. 

This department had not the same rigorous system of inspection in regard to detail as was required 
by the A.I.D. but as the entire control of inspection of all aeronautical supplies was handed over to the 
A.L.D. on the formation of the Air Board in March, 1917, no further reference to the Admiralty’s system 
is necessary. 

It should be appreciated that in addition to A.I.D. inspection, each aircraft and engine constructing 
firm maintained its own inspecting staff, and owing to the intense activity in aircraft manufacture resultant 
upon the enormous Service demands for aircraft rendering it impossible for the A.I.D. to continue its system 
of full detailed inspection, recourse was made therefore to a system of “ selective” inspection whereby the 
whole output of a firm was inspected by the Constructor’s own inspection staff and a percentage only of 
this was re-examined by the A.I.D. 
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The latter, however, supervised the firm’s methods of inspection and required fulfilment of certain 
standard requirements, such as the individual identification of every detail with the firm’s viewer 
responsible for its inspection. 

It was only possible to introduce this system of selective inspection as a gradual process commensurate 
with the development of experience of the firm’s personnel, but it may be stated now that this system was 
the actual birth of the present “ Approved Firms, Inspection” procedure which has been functioning so 
satisfactorily for many years and which will be referred to in greater detail later in this paper. 

The basis of the selective inspection carried out by the A.I.D. was the checking of those dimensions 
of a part or component which governed its safety, but which were not automatically cared for by the 
manufacturer's staff as effecting ease of erection, ey., the checking of the bore of the connecting rod big 
end bearing could be left safely to the manufacturer since any error would be detected when fitting the rod 
to the crankshaft. On the other hand, the thickness of the connecting rod web in no way affected the 
fitting or interchangeability of the part, but did affect its safety. 

The assumption by the manufacturers of a proportion of the responsibility for their productions 
entailed in the system of selective inspection presented some interesting phases. In many cases the very 
firms which at first had been most antagonistic towards the principle of detailed inspection by the A.I.D. 
provided for themselves the strictest detailed examination by their own staff, as by then they had discovered 
that detailed inspection during manufacture is an essential process of manufacture, tending to increase 
output and prevent waste. 

The intimate connection of the A.I.D. with manufacturers of such widely differing products as are 
involved in the production of aeroplanes in particular and the very considerable degree of responsibility 
and power vested in the department, naturally brought it into contact with many external organizations 
and committees. 

As a result of this, an active liason and interchange of views was set up with such organizations as the 
Institute of Automobile Engineers, Royal Aeronautical Society and the Iron and Steel Institute. With 
regard to the British Engineering Standards Association (Aircraft Section) the Department was fully 
represented on every Sub-Committee and Panel dealing with the drafting and revision of the various 
codes of specifications used throughout the war and the co-ordination of the successive specifications of 
the Royal Aircraft Factory, Admiralty (E) Section, Military Aeronautics and Air Board, all of which 
were reviewed and in most cases embodied in B.E.S.A. specifications. 

On the formation of the Internal Combustion Engine Sub-Committee of the Advisory Committee for 
Aeronautics representatives of the A.I.D. were appointed, opening up a further source of valuable 
information and ensuring a close connection with advancing internal combustion knowledge as regards 
theory and practice. 

With the Society of British Aircraft Constructors, which constituted a Council representing the 
leading aircraft and engine manufacturers in the country, the A.I.D. naturally had many discussions and 
the ready means which the Society provided for obtaining a consensus of opinion on any proposed new 
methods of inspection was of the greatest value to the Department in enforcing its requirements on 
individual firms in view of the fact that those requirements had been discussed previously with and 
accepted as sound by the Council of the $.B.A.C, 

Before concluding this portion of the paper dealing with the antecedents and origin of aircraft 
inspection as it is to-day it may be of interest to note that the system of inspection instituted by the A.I.D. 
and the provisions made for interchangeability of components was adopted to a great extent by all the 
Allies during the war and may be said to be the basis of present day aircraft inspection throughout the 
world. 

STaTE ConTRoL or Civit AVIATION. 


By the passing of the Air Navigation Act in 1919, systematic state control of civil aviation was 
introduced and the A.I.D. was appointed the constituted authority on all inspectional questions arising 
from this state control. The Air Navigation Order issued in respect of that Act specifies that an aircraft 
shall not fly within the limits of the British Isles unless it has been certified in the prescribed manner as 
airworthy, except in the case of experimental aircraft which may be flown within a radius of three miles of 
an aerodrome for the purposes of test. 

The Air Navigation Directions issued pursuant to the Air Navigation Order embody the regulations 
under which airworthiness certificates are issued and remain valid. 

The inspection of any aircraft may be considered therefore to consist of two phases :— 


(1) Inspection during construction. ; ! 
(2) Inspection as to condition throughout its useful life. 
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As regards design there are two classifications of civil aircraft in respect of which Certificates of 
Airworthiness are issued :— 

Type Arrcrarr.—The first aircraft constructed in accordance with a type design in respect 
of which an application is made for a Certificate of Airworthiness. 

SupsEeQuentT AIRCRAFT.—An aircraft which conforms in all essential respects affecting the 
safety of the aircraft with a type aircraft in respect of which a Certificate of Airworthiness has 
been issued. 

Before a “Type Aircraft” can obtain a Certificate of Airworthiness, it is first necessary that the 
design shall be approved by the Air Ministry. 

To obtain this approval there are two alternative methods of procedure, viz. :— 

1. Applicable to aircraft designed by persons or firms approved by the Air Ministry for that 

urpose, 
e. Applicable to aircraft designed by persons or firms, not so approved. 

With regard to method (1), the applicant is required to hold all design data, calculations, reports on 
tests and drawings at the disposal of representatives of the Airworthiness Department of the Air 
Ministry, but in usual practice it is only main members which are re-stressed by the Airworthiness 
Department, the designer himself being held responsible for detail stressing and calculations and a 
Resident Technical Officer of the Airworthiness Department is posted to each approved firm for the 
purpose of supervising the designer’s staff engaged in this work. 

Upon completion of the aircraft and of the flying trials the designer is then required to furnish a 
Certificate to the effect that the design is in all essential respects in conformity with Air Ministry 
requirements. 

With regard to method (2) the applicant is required to submit to the Airworthiness Department such 
drawings and particulars as may be required for checking in detail the safety of the aircraft and in 
addition may be required to furnish models for wind channel tests, or test specimens of components to 
demonstrate that they comply with specified strength standards, and may only proceed with the construc- 
tion of any part or parts of the aircraft, as and when the drawings for such have been approved. 


INSPECTION OF MATERIALS. 


The sole object of inspection is to ensure that these design requirements are fully complied with, as 
it is only when each and every piece of material utilised in the construction of the aircraft or engine can 
be certified as complying with the prescribed specifications and are dimensionally within drawing limits 
that it is possible to guarantee that the aircraft, as built, actually possesses the strength and other 
properties provided by its approved design. 

If a weak link in the chain of inspection is to be avoided it follows that commencing with the raw 
material, one unbroken line of such inspection must be shewn right through the process of manufacture. 

To emphasize the importance attached to this general principle the following extract from the 
Inspection Instructions issued in amplification of the Air Navigation Directions is given :— 

“The efficiency of inspection of any aircraft depends upon 

(a) The skill and care with which each and every inspection operation is carried out. 
(0) The systematic following through of every detail and assembly from the raw material to 
the finished product.” 

Aeronautical materials are usually ordered to B.E.S.A. specifications except in the case of new grades 
of material which have not yet reached a stage of development which permits of standardisation. In such 
cases temporary specifications issued by the Director of Technical Development, Air Ministry, are employed. 

The Inspector’s duty is to guarantee that every part of every piece of material complies with its 
appropriate specification and to ensure that the selection and testing of a number of representative test 
pleces as called for in the specification is not carried out in a haphazard manner. 

By following the material right through the manufacturing processes he is able to satisfy himself 
that each of his test pieces represents a specific ‘‘ batch” of material, the whole of which has received 
uniform treatment throughout its manufacture. 

It will be realised that such detailed and process inspection is possible only when carried out at the 
works of the material manufacturer, as much of it would be impossible if delayed until after delivery to 
the aircraft or engine manufacturer. 

It is further essential that inspection should control any process to which the materials are subjected 
during further manufacturing operations other than at the material makers’ works and to this end 
“Inspection Instructions” are issued by the A.I.D. governing the procedure to be followed for each 
process to ensure that the physical properties of these materials are not impaired. 
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THE APPROVAL OF Firms’ Own INSPECTION. 


The meticulous degree of inspection required in the manufacture of aircraft and aero engines would 
require a vast inspection organisation if the State continued to bear the entire responsibility, therefore in 
1921, mainly for reasons of economy and facility of control it was decided to institute a system of 
“Approved Firms’ Inspection” each firm being required to carry out its own inspection in a manner 
approved by the Air Ministry by personnel whom the Air Ministry considered competent for that purpose, 
and to be supervised by the A.I.D. 

This scheme alone has made possible the rigorous system of detailed and process inspection referred 
to in the preceding paragraphs and was first applied to about one dozen firms considered competent to 
inaugurate the idea, but it has proved so satisfactory that to-day practically every firm of repute engaged in 
the manufacture of aircraft, aero-engines, aircraft materials or accessories is on the list of “‘ Approved Firms.” 

Before “approval” is granted each firm is required to organise its inspection department on lines 
laid down by the A.I.D., the chief requirement of which being the manner of dealing with materials for 
which the essential feature is the provision of receiving stores, bonded stores and finished stores. 

Material for aircraft engines as received remains in the receiving stores until proof of its quality is 
given to the firm’s inspection department, when it is passed into the bonded stores and identified with a 
“batch”? number correlating each consignment with its respective release note and test report. 

The material remains in bonded stores until required in the shops and is then issued, but only in just 
sufficient quantities to meet the requirements of the particular job in hand. By this means the employ- 
ment of material of incorrect specification is avoided as no scrap or surplus material is left lying about in 
the shops, therefore if a part is scrapped in machining or other process it necessitates the withdrawal from 
the bonded stores of sufficient material of correct specification in replacement. 

When approval has been granted, the name of the firm is added to the “A.I.D. List of Approved 
Firms,” which publication is supplied to all interested in acronautical construction. 

Supervision of the firm’s inspection is then allocated to the most conveniently situated A.I.D. 
District Office, of which there are eight in various parts of the country, and thereafter the staff at those 
offices by systematical visits for inspection and check testing of a proportion of the firm’s output satisfy 
themselves of the adequacy and efficiency of the methods employed. 

One of the conditions of “approval ” is that the firm must issue with each consignment of aeronautical 
supplies a release note certifying that all inspection has been carried out and that the whole consignment 
is in accordance with the specification or drawing. (See Prints 1.) 

It will be seen that these release notes serve to acquaint an inspector at another Works with the result 
of the previous inspection, so that if further stages of inspection are necessary as a result of subsequent 
manufacturing processes he has a record of the part or material supplied. 

In addition, each Inspector stamps or otherwise applies a mark to each object he passes thereby 
identifying himself as responsible for its correctness. 

The underlying principle of this system of detailed inspection and “batch” numbering of material 
is to trace the source of supply so that in the event of the failure of any part of an aircraft or engine, even 
after a long period of service, each aircraft or engine into which similar parts from the same batch of 
material have been embodied can be identified and the parts under suspicion replaced if considered 
necessary. (See Chart, Print 2.) 


INSPECTION OF STRUCTURES.—AIRORAFT. 


As most Aircraft Constructors in this country are engaged in the manufacture of aircraft for the 
Royal Air Force in addition to the construction of civil aircraft, the A.I.D. have a resident staff at each 
firm and therefore the supervision of the firm’s approved inspection is made comparatively easy. 

In general the “ Approved Firm” system of inspection applies to complete aircraft structures in an 
exactly similar manner as in the case of materials, save in one respect, that of “Type Aircraft.” 

Where these are concerned the A.1.D. assumes greater direct responsibility and certain inspection 
operations are carried out entirely by the A.I.D., others in conjunction with the firm’s own inspection 
department, and the remainder entirely by the latter. (See Chart, Print 3.) With reference to Print 3 
it should be noted that the abbreviations employed serve to indicate the form of inspection record and are 
as follows :— 

I.R. Inspection Record (Form 1221). L.B. Log Book Entry. 
$. Inspection Stamp. B.R. Book Record. 
L. Label on Job. 
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All inspection on “Subsequent Aircraft” is carried out by the “Approved Firm’s Inspection” which 
is required to furnish to the Air Ministry a summary of the Inspection Record for which purpose A.M. 
Form 1221 must be used. (See Print 4.) 


WEIGHT AND DETERMINATION OF CENTRE OF GRAVITY. 


Before a Certificate of Airworthiness is issued for a “Type” aircraft, the Air Ministry require that 
the aircraft shall be weighed and its centre of gravity determined. 

This of course has already been calculated by the designer but in approving the design the Air 
Ministry set forward and after limits between which the actual centre of gravity must fall. 

The tare weight is reckoned as being that of the aircraft empty (save for fixed equipment and water 
in the cooling system) and this weight must be painted in a prominent position on the side of the fuselage, 
together with the maximum permissible weight of the aircraft when loaded. When an aircraft is classed 
in the acrobatic category it is also necessary to have painted on the fuselage the maximum weight 
permissible when performing evolutions in this category. 


FLIGHT TRIALS. 


Upon completion of a “Type” aircraft, the Air Ministry require that it shall be subjected to official 
full load flight tests and for this purpose after completion of tests at the Constructor’s Works or Aerodrome, 
the aircraft is sent to one of the Air Ministry Experimental Stations at Martlesham Heath or Felixstowe 
where flight trials are carried out by test pilots of the Royal Air Force, and it is only after a satisfactory 
report from one of these stations that a Certificate of Airworthiness is issued. 

“Subsequent” aircraft, however, are tested at the Constructor’s own aerodrome by their own test 
pilot, who certifies the satisfactory nature of the test in Form 1221, which is then completed by the 
“Constructors’ Approved Inspection Department” and forwarded to the Air Ministry, together with a 
recommendation signed by the firm’s Chief Inspector and endorsed by the Resident A.1.D. Inspector. 

Upon receipt of these documents the Air Ministry then issues a Certificate of Airworthiness, which 
remains valid for one year. 

ENGINES. 


The inspection of aero engines during construction follows similar lines to those of aircraft, and the 
same distinction between “Type” and “Subsequent”? engines is made. 

With regard to tests, however, the “ T'ype” test is carried out at the Engine Constructor’s works, and 
consists of 50 hours endurance, 20 of which are run with an airscrew and 30 in 10 hour non-stop periods 
at ,°,ths power on an approved form of variable torque dynamometer. 

At the end of the endurance test, high speed and overload tests are run, also acceleration tests are 
made to ensure that the engine will open progressively to full throttle within five seconds. 

If the observations made during test are considered satisfactory the engine is dismantled and a 
complete inspection made of the detail parts for wear, distortion and other defects, before “Type” 
approval is recommended. 

“Subsequent” engines are subjected to two hours dynamometer test at ,®;ths power, after which the 
engine is dismantled for detail inspection, and, provided that this inspection reveals no major defect such 
as to necessitate the replacement of a vital component, a final half-hour test is then made. 

The last five minutes of the two hour test is run at full throttle, and it is then required that the 
engine shall develop not less than st per cent. of the power which was obtained from the “Type” 
engine at full throttle and normal R.P.M. 


INSPECTION OF AIRCRAFT SUBSEQUENT TO CONSTRUCTION. 


With regard to the second phase of aircraft inspection, i.¢., inspection as to condition throughout the 
useful life of an aircraft, the Air Ministry require that the maintenance of commercial aircraft and over- 
hauls and repairs to all aircraft and engines, whether commercial or private, shall be covered by certificates 
from licenced “Ground Engineers.” 

The licences are granted by the Air Ministry after examination. Applicants must be over 21 years 
of age and satisfy the examining authority that they possess the necessary practical experience in the type 
of work covered by the category for which they desire to sit. 

The examining authority is the A.I.D. and the examination board consists usually of three or four 
specialists in the various branches; the board does not itself grant the licence but makes recommendations 
to the Licencing Branch of the Directorate of Civil Aviation. 
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The examination is roughly comparable to the B.O.T. Marine Engineers’ examinations, save that it 
is almost entirely oral and covers practical questions only—the theoretical side of the subject is not 
touched upon, although a certain degree of theoretical knowledge is almost indispensable in two of the 
categories. 

The licence is divided into five categories A, B,C, D and X. The examination syllabus for each 
being briefly as follows :— 


CaTEGorY “A”.—INSPECTION OF AIRCRAFT BEFORE FLIGHT. 


1. Methods of checking the correct assembly of the various components of an aircraft; rigging and 
truing up of an erected machine; functioning of the flying controls and methods of correcting faults in 
trim and control which may be experienced in flight. 

2. Knowledge of the defects and deterioration which are liable to occur in wing coverings, timber 
members, propellers metal fittings, etc., as a result of fair wear and tear or be produced by slight mishaps 
experienced during ordinary flying operations, also of the methods of effecting minor repairs and 
replacements. 

3. The general principles of the installation, functioning and testing of the aircraft instruments. 


CaTEecory “ B.”—INSPECTION OF AIRCRAFT AFTER OVERHAUL. 


This category covers the general principles of the inspection of aircraft materials and the methods of 
inspection of the construction of the various components and parts and includes :— 

1. A knowledge of the metallic and non-metallic materials employed in aircraft construction, the 
methods of their identification, examination and test. 

Defects and diseases which render timber unsuitable for use in aircraft and in the case of metallic 
materials the precautions to be observed in the various processes of manufacture, i.e., heat treatment, 
welding, brazing, soldering, plating, etc., together with a knowledge of characteristic defects. 

2. For licences to include all-metal aircraft, specialised knowledge of the high tensile steels and 
aluminium alloys together with the special workshop processes and treatments applicable thereto. 

3. Knowledge of the specialised methods of manufacture, examination and test employed in the 
construction of the various aircraft parts and components, e.g., fuselages, wings, propellers, petrol and oil 
tanks, radiators, pumps, cocks, etc., and finaily a knowledge of the methods of inspecting and testing the 
complete aircraft for correct assembly together with the methods of installation of the engine, and its 
controls, petrol, oil and water systems, instruments, electrical services and other appliances. 


Category “C.”—InspEcTIoN oF AERO ENGINES BEFORE FLIGHT. 


1. Knowledge of the constructional details of the particular type or types of engine for which the 
licence is required together with fits and clearances and the permissible limits of wear of those parts 
included in the inspection for a ‘ top overhaul.” 

2. Knowledge of methods of examination and test for the correct adjustment and functioning of the 
engine, its instruments, auxiliary services and accessories, during and after installation into the aircraft. 

A knowledge of the characteristic defects which may occur in the engine, the ignition, carburation, 
lubricating and cooling systems, and in the controls and installation generally ; also a knowledge of the 
symptoms produced by the various defects and the methods of their diagnosis. 

4. The method of carrying out a “top overhaul,” with a knowledge of the defects likely to be 
encountered, and methods of checking the adjustment of and testing the engine after such overhaul. 


CatEcory “D.”—INSPECTION OF AERO ENGINES AFTER OVERHAUL. 


1. Specifications of materials used in the manufacture of the various details of aero engines, 
methods of identification and test. Characteristic defects which render them unsuitable for use, and 
precautions to be adopted during processes of manufacture (heat treatment, methods of white metalling, 
welding, brazing, &c.) to ensure that the finished parts are in a satisfactory condition, and a knowledge of 
the tests to which they must be submitted. 

2. Knowledge of constructional methods as applied to the individual components and methods of 
checking the correct erection of the various assemblies. 

Method of adjustment, repair and test of carburettors, engine starters, pumps, etc., and minor 
repairs to, and adjustment of, magnetos. 
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8. The general principles of brake testing, measurement of horse-power, fuel and oil consumptions 
etc., and the methods of testing the correct functioning of the ignition, carburation, lubrication, and 
cooling systems of the engine during test. 

It will be seen, therefore, that licences in categories “A” and “C” deal only with questions of the 
maintenance of aircraft and aero engines in service, and that categories “B” and “ D” deal with overhauls 
to, and the construction of, new parts for aircraft and aero engines respectively. 


The scope of the licences may be summarised as follows :— 


Catrcory “A.”—The holder of a licence valid in this category is empowered, after an 
inspection of the aircraft and the instruments pertaining thereto, to issue a Certificate to the effect 
that it is fit to fly on commercial service. He is also permitted to certify that repairs of a minor 
character have been properly carried out. 


Category “B.”—The holder of a licence valid in this category is empowered to certify the 
reconstruction of aircraft—that is to say, he is permitted to carry out repairs of a major character, 
and to construct new parts and components from duly approved raw materiais and to approved 
drawings. 


Catrcory ‘“C.”—This category governs the inspection of the engine(s) and engine instal- 
lation of aircraft; it also includes “top overhaul’? which may be defined as an overhaul in which 
the connecting rod big end assembly and the crankshaft are left undisturbed. It is the counterpart 
of Category “A,” empowering its holder to certify the engines and the engine installation of the 
aircraft as fit for flight. 


Category “D.”—This relates to the overhaul of engines, and is the counterpart of 
Category “B,” its possessor being empowered to certify the reconstruction and test of aircraft 
engines, and also to construct new parts therefor. 

Catraory ‘“ X.”—lLicences in this category are issued in respect of the following specialised 
duties :— 


(a) Repair, overhaul and testing of magnetos. 

(b) Repair, overhaul and testing of instruments. 

(c) Inspection of packing and maintenance of parachutes. 
(d) Adjustment, installation and compensation of compasses. 


Aircraft used for commercial purposes require two “ Daily Certificates of Safety for Flight,” one in 
respect of the aircraft and its instruments to be signed by a Ground Engineer licenced in Category “A,” 
and one in respect of the engine(s), engine installation and instruments to be signed by a Ground Engineer 
licenced in Category “C.” 

These certificates are valid for 24 hours from the time of the inspection to which they relate. 


A further certificate is required from the pilot to the effect that he has tested his engines and flying 
controls and ascertained that the aircraft is loaded in accordance with the conditions specified in the 
Certificate of Airworthiness. (See Print 5). 


The action of Ground Engineers licenced in Categories “A” and “C” in connexion with failures of 
structural members or main component parts is limited to either passing the repair over to a Ground 
Engineer licenced in categories “B” or ““D” as the case may demand, or to fitting within the scope of 
their licence a new component covered by either a release note from an approved source or a certificate 
from a Ground Engineer licenced in categories “ B” or * D.” 


Details of all work carried out must be entered in the aircraft and engine log books, the form of 
which has been prescribed by the Air Ministry, and all entries must be signed by the person responsible 
for the inspection of the work to which they relate; the time flown and the hours run by the engine 
roust be entered after every flight or engine run. 


In the case of privately owned aircraft the regulations for Ground Engineer’s inspection before flight 
are relaxed and no “ Daily Certificates” are required. 


Private owners may carry out routine adjustments to the engine and aircraft themselves, but all 
overhauls, repairs and replacements must be certified by Ground Engineers holding the appropriate licence, 
although such certifications are not necessarily required to be entered in the prescribed form of Air 
Ministry log book, the regulations in regard to these aircraft state that some form of book record for all 
repairs and replacements must be maintained. 
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RENEWAL OF CERTIFICATES OF AIRWORTHINESS. 


As has already been stated, Certificates of Airworthiness of “Subsequent” aircraft are valid for one 
year at the expiry of which the aircraft must be presented for re-inspection, and this inspection is carried 
out by either the A.I.D. or an authority approved by the Air Ministry for this purpose. 

It should be remarked that it is in connexion with annual renewals of Certificates of Airworthiness 
that the aeronautical activities of this Society have been commenced. 

The purpose of this inspection is to establish that the aircraft still conforms to “Type,” that all 
repairs or renewals made to it have been inspected by a competent authority and that the general 
condition of the aircraft, its engine(s) and installation is such that, given adequate maintenance attention, 
it may safely be expected to remain in a condition of airworthiness for a further twelve months. 

It is therefore necessary to examine the history of the aircraft and engine as shown in the log books 
and to determine by means of A.M. 1221 whether the components originally incorporated have been 
changed since the issue of previous renewals of the certificate, and in the event of replacements having 
been made, that these conform to type and have been “released” or certified in accordance with the 
regulations, 

It is also necessary to ensure that all modifications have been incorporated which experience in service 
since the issue or previous renewal of the certificate has shown to be essential to the specific type ; 
information concerning such modifications is circulated periodically to all concerned in the form of 
“Notices to Aircraft Owners and Ground Engineers.” 

To enable the actual condition of the aircraft to be determined it is necessary to carry out certain 
dismantlement and to open up certain components for internal examination. 

No hard and fast rules for the extent of this dismantlement can be formulated and it is determined 
by the aircraft history as revealed by the log books, the amount of flying carried out and external condition. 

After all work which the inspection reveals to be necessary has been completed, a further inspection 
is made to determine that it has been carried out in a satisfactory manner and a flight test is required to 
determine that any deterioration in performance is not below the minimum performance requirements 
as laid down in A.P. 1208. 

Large commercial aircraft must be re-weighed and the position of the centre of gravity redetermined, 
in the case of small privately owned aircraft this is unneccessary unless evidence exists that the weight or 
centre of gravity has been altered by the introduction of major modifications, additional fixed equipment 
or other causes. 

During overhauls for renewal of Certificates of Airworthiness all regulations governing the construc- 
tion of “Subsequent” aircraft must be complied with and before the aircraft is presented for the final 
approval of the Inspection Authority, all work must be covered by log book entries certified by an 
Approved Establishment or Ground Engineers licenced in the appropriate categories. 


CoNncLUSION. 


In concluding this paper, perhaps I may be permitted to express the hope that the system of 
inspection of civil aircraft provided by the Air Ministry Regulations is made clear, particularly in regard 
to the means by which the ‘Approved Firm’s Inspection”’ operates. 

The entirely satisfactory results which have been obtained by this system are largely due to the 
Whole-hearted co-operation which the manufacturers themselves have given to the scheme. and because of 
the continuous supervision exercised, the guarantees which are given of the efficiency of the inspection of 
all materials and parts carry as much weight as if the whole of the inspection had been carried out 
by the A.I.D. 

Possibly the best proof of this is the high regard in which the British Certificate of Airworthiness 
is held all over the world. ; 

Finally, 1 wish to express my thanks to Col. Outram, the Director of Aircraft Inspection, for 
granting me access to A.1.1). historical records, and to H.M. Stationery Office for granting permission to 
print facsimiles of Air Ministry documents, which are Crown copyright. 
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Issued by Your Order No. 
Date 


This is to certify that the whole of the Magnetos and/or Magneto Spare Parts consigned 
with this Advice Note and Certificate have been manufactured, tested and inspected in accordance 
with the Specifications relative thereto and Air Publication 917, and are in all respects in conformity 
with the requirements of the Deputy Director of Aeronautical Inspection, 


Signed for and on behalf of 


Chief Inspector. 
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(A.)—INSPECTION OF AIRCRAFT BEFORE FLIGHT. 
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DISCUSSION ON Mr. L. J. HILL'S PAPER 


ON 


“GENERAL NOTES ON THE INSPECTION OF 
AIRCRAFT.” 


Mr. A. A. CHALMERS. 


Most especially at the present time, when our young engineer surveyors are being initiated into the 
secrets of aircraft construction, I feel that a personal expression of thanks and also the thanks of the 
Staff Association are both most deservedly due to Mr. Hill for his excellent contribution to-night. 

I have one great fault to find, which is that the paper is a bit late. The poor surveyors who are now 
finishing their aircraft course, not having had the benefit of this paper earlier, are at a great disadvantage 
compared with those who have yet to undergo this training. In that Mr. Hill’s paper is of particular 
interest to the younger members, it fulfils the main object of the association as few papers have done. 

I notice that the author, perhaps designedly, has not touched on the question of damage to Aircraft. 

For example, what happens to the Annual Certificate of Airworthiness in the case of a machine 
making a bad landing when the undercarriage may bé submitted to abnormal strain, the effects of which 
may not prevent further flight but may be, nevertheless, serious when investigated by the trained 
inspector ? 

[Mr. Hin :—As regards an aircraft operated for commercial purposes these circumstances would be 
covered by an inspection by the ground engineer responsible for its maintenance, who before issuing a 
further daily certificate would satisfy himself of the condition of all parts likely to be effected.] 

Would it not be better if the ground engineer, upon examination of the log-book, were required to 
call in the classification surveyor in such a case, for surely such an incident as described would be entered 
in the log-book ? 

[ Mr. Hiii.— Bearing in mind the comparatively low value of aircraft, the expense of this could not 
be borne unless underwriters accorded their full support to such a scheme and made it a condition. of 
cover, In the case of private owners, the regulations do not require that a ground engineer be employed 
to maintain the aircraft nor that such an incident be logged, and therefore it is quite possible under the 
present regulations that such a case as cited by Mr. Chalmers could arise without anyone other than the 
person responsible for the bad landing being aware of it. ] 

T am afraid your clients are unlike the shipowners, who never miss a chance of logging a 
damage!!! (Laughter.) 

It seems to me that all damages or likely causes of damage should be logged so that the classification 
surveyor could be called in to confirm the Annual Certificate of Airworthiness, thus keeping an eye both 
on the underwriters’ risk and the fees. (Iaughter.) 


Mr. M. K. Scorr. 


I do not think that it is at all right for me to express my opinion here. Strictly speaking, not being 
a member of the Staff Association, and having come here without an invitation, the best way to avoid 
detection would be to maintain a discreet silence. 

It gives me much pleasure, however, to have the opportunity of thanking Mr. Hill for his very 
instructive paper, which has given to most of us some knowledge of a subject comparatively new to the 
Society. 
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The paper is itself so explicit that it is difficult to make any comments, or ask for further 
information. 

I sincerely hope that Mr. Hill’s promise in his opening remarks to supply further papers on aviation 
subjects, if and when necessary, was really intended and will be redeemed. 

There is no doubt that sufficient interest to warrant this is already in existence among the Staff of 
Lloyd’s Register. 


Mr. A. E. Munro. 


I wish to thank Mr. Hill for his very instructive and interesting paper, which, from the point of 
view of those surveyors who are at present undergoing an aircraft inspection course, will undoubtedly 
prove of valuable assistance in following out the methods of organisation used in aircraft inspection. 

At first sight members of our Association may view with scepticism the somewhat unusual methods 

employed, whereby certain inspectional duties are allocated to the firm’s own inspection staff, but after my 
brief contact with inspectional methods and procedure, I can assure them that this system in practice is 
exceptionally efficient, as every detail so inspected may be traced back to the individual ultimately 
responsible, which results in a very high and efficient standard being maintained throughout the entire 
organisation. The detailed inspection is also of very great importance, as defects in material and 
workmanship are immediately dealt with, thereby tending to reduce production costs to a minimum. 
_ With regard to aircraft inspection methods, I should like to know what precautions are taken in the 
event of an “Approved Firm” removing its establishment from one district to another. I presume it 
will be necessary for the firm in question to submit its organisation for re-examination, in order to retain 
approved status. 

(Mr. Hint :—A constructor moving from one district to another would notify the Air Ministry of 
such removal, and request that approval of its inspection organisation be transferred to the new works. 

In most cases this would be a mere formality, as obviously the whole system in operation at the old 
works would be tranferred to the new. 

The Air Ministry would send a representative from A.I.D.H.Q. to personally approve the arrange- 
ments and appoint a local supervising A.I.D. Inspector]. 


Mr. C. W. Reep. 


May I be allowed to add my quota of appreciation of this valuable paper and especially of the 
author’s suggestion that it will be the forerunner of several more. Think of the relief afforded to the 
President and Hon. Secretary in knowing that for the next few years they will have at least one paper less 
to provide for (laughter). 

I notice the author states that the Admiralty A.1.D. had not the same rigorous system of inspection 
as the Army Department. This is surprising as it was always understood, in the early days of the war at 
any rate, that the navy always got the best of everything, including aircraft ; but perhaps this meant 
that their machines were built by outside firms and therefore the naval inspection was not so strict. I 
remember that as late as the early part of 1917 the R.F.C. in Macedonia were only equipped with old 
R.A.F. built “ B.E.2C.” planes (Pemberton-Billing’s ‘* Murder Machines”) and did all the work there, 
including spotting, patrolling and fighting, whilst the R.N.A.S. had a squadron of fast Sopwith Camels 
which did some beautiful formation flying, but that is all I remember them doing. 

As regards the issue of Certificates of Airworthiness I presume that our surveyors, who are under- 
going the aircraft course and who are so ably represented here tonight, will on completion be counted as 
“competent authorities” for this purpose, or will they be merely treated as ground engineers. I trust 
that they will be given some certificate more in keeping with the dignity and status of a Lloyd’s 
surveyor ? 

[Mr. Hr :—The Society’s surveyors who are successful in satisfying the Air Ministry of their 
competency, will not receive G.E. licences but will be regarded as “authorised persons” and probably 
receive some form of warrant from the Society to that effect. ] 
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THE PRESIDENT. 


The paper which has just been read by Mr. Hill marks a distinct era in the progress of the 
Association, being the first of what we expect will be a long series of papers dealing with the inspection 
of aircraft and their engines. It is true that we have had at our public lectures well-known authorities 
on airships and aeroplanes, but we welcome this paper as the first by a member of the Staff. 

It is only two years ago since the General Committee of Lloyd’s Register, in pursuance of their 
usual progressive policy decided to undertake the examination of aircraft, and the expansion of this 
department, under Mr. Hill’s supervision, has abundantly justified the step. 


Mr. Hill’s paper indicates broadly the various steps taken to ensure soundness of material and 
workmanship, and to those of us not versed in these matters reveals a surprising range in the extent and 
thoroughness of the inspection. To those of our colleagues to whom these duties are being delegated 
abroad this paper will be invaluable, and we owe our hearty thanks to the author for the labour devoted 
to its preparation. 


CORRESPONDENCE. 
Mr. H. N. PemBerron. 


As one of the surveyors who has recently completed a course of instruction in aeronautical 
inspection, I have found Mr. Hill’s paper extremely useful. I must admit that at the outset of the 
course I was somewhat puzzled regarding the system of “ Approved Firm’s Inspection” and all that it 
meant. It seemed to me that there was an exaggerated attention to detail and an unnecessary duplication 
of inspectional duties. But, in course of time, it became evident that there was no exaggeration and 
the duplication of certain duties was of fundamental importance in the safeguarding of life. 


The system of “Approved Firm’s Inspection” has been very clearly explained in this paper, and the 
fact that the system has proved such a success says much for the common sense and integrity of the 
British constructor. The meticulous care with which detailed inspection is carried out, and the 
correlation between the inspection of the completed component and the inspection of the original ingot 
or piece of timber, through all the intermediate stages, constitutes a standard of aeronautical inspection 
not to be found anywhere else in the world. 


It is to be hoped that at some future date Mr. Hill might be prevailed upon to write a paper dealing 
more fully with the aeronautical activities of the Society. Such a paper, tracing the history of the 
development of one aviation department, would be nothing less than a record of great achievement in the 
face of difficulty. 
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THE FITTING OF MACHINERY ON 
BOARD SHIPS. 


By P. T. BROWN. 


READ 6TH JANUARY, 1932. 


The object of this Association is to make the experience of the individual available to all members. 
To this end the author has chosen a practical subject, knowledge of which can only be obtained in the 
school of experience, in the hope of initiating a discussion which may contribute to uniformity of practice 
and serye as a guide to our younger colleagues. 

Tt will be assumed that plans which are not customarily submitted for official approval have been 
checked in the drawing office to see that Rule requirements have heen complied with, »nd that such 
points as provision for expansion in pipe lines, drainage in steam lines, and accessibility of connections 
have received consideration. 

In “fitting out,” much detail is left to “place” arrangement, and it also happens that drawing 
office oversights necessitate alterations and alternatives ; these facts should always be uppermost in the 
surveyor’s mind, and he must always be prepared to give instant decisions. ‘“‘ Fitting out” is usually a 
“‘rush ” business and time can seldom be spared for submissions, consideration, or even consultation. 

In submitting this subject, I propose to deal, item by item, with the various parts, more or less in the 
order of their requisite survey, and to mention points requiring particular attention. Before proceeding 
to detail may I emphasise two points :— 

(1) Close co-operation between the surveyor responsible for hull construction and he whose 
duty lies in the fitting aboard of the machinery is very necessary. 


(2) Get the confidence of the foremen, let them know what you will want, at what stage you 
will see particular details, discuss the job with them, and be helpful. They are always good 
fellows, desirous to please, and if they get on with you then your job is half done. 


Sra Connections.—Although Rules are satisfied if sea connections are secured by bolts tapped to 
the vessels plating or fitted with countersunk heads, there is a useful tendency of builders to substitute 
the word “and” for “or” and it is a practice to be encouraged. 

Countersunk headed clearing bolts are now seldom fitted and it is a practice to be discouraged, but 
should this method be adopted, fitting bolts should be used. Jn the use of bolts tapped into the plating 
without countersunk heads, it is desirable that the outside thread on the pla‘e be cleared so that the bolt 
may enter right up to its head. Regarding the material of bolts; although bronze is adopted for all 
connections in the best practice, the opinion is offered that steel is quite suitable for all iron and steel 
valves, but they should be well coated with thin red lead paint. Bronze bolts should always be used for 
gunmetal valves. It is important that the brass covering ring of blowdown valves should be a good fit 
on the spigot and the latter should project slightly through the ring. 

A vexed point is as to when the shell should be doubled for the attachment of ship side valves and 
the possibility of such being desirable should be kept in mind in dealing with small vessels or vessels of 
special or light construction. It depends mainly on the size of the valve and of the bolts and will be 
influenced by the vessel’s employment. 


Borina Our anp Frrrina or Stern Tuse.—The examination of the bore of the stern frame or 
propeller brackets is a dual job; the hull surveyor to see that his forgings or castings are sound and the 
machinery surveyor that the bore is true and suitable for the reception of the stern tube. It is recom- 
mended that the fitting of the stern tube be examined before the nut is put on or the space between tube 
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flange and peak bulkhead filled and a useful occasion for final visit to this job is at the test of after peak 
tank. The space between stern tube flange and bulkhead is made up by lead or wood packing. Both 
methods have their advantages but undoubtedly lead is the better job. 


EneinE Seatinc.—The supervision of work on engine seating—same being incorporated in the 
hull structure—falls to the ship surveyor but the engineer, with particular knowledge of the machinery 
to be installed, will make an examination to satisfy himself on points which his detail knowledge indicates. 
In regard to workmanship he will see that rivet points are not above the plate surface in way of engine 
chocks and that the seat plating is level. For Diesel and turbine work it is recommended that the seating 
plates to which the soleplate is bolted, be machined. 


BoiLeR Bearers.—lIt is necessary that the supporting angle bars of the bearers be a close fit to the 
boiler shell and there should be no difficulty in building bearers with supporting angle bars of correct 
radius into which the boiler will fit correctly. In practice, however, builders often prefer to mount the 
boiler on blocks over the bearer and to fit the supporting angle bars to place; good work is obtained if the 
holes in the angle bars are left about ,'; in. low to those in the bearer plates so that the “draw” provided 
will close the bar on to shell. The bars will, in this case, be bolted and not riveted. There is a tendency 
in bending an angle bar for the flanges to close and decrease the angle of bar to something less than a 
right angle. his should always be looked for, and if existing, the bar must be faired. 


AUXILIARY SeatTinGs.—For Diesel Auxiliaries the same degree of strength and accuracy in seating 
work is necessary as for propelling machinery and equally careful survey requisite. 


The need for rigidity and good workmanship in seatings for steam auxiliaries is not always 
appreciated and as these are usually built relatively early in the vessel’s construction, an early visit is 
desirable. Extra stiffening or support may be found necessary. 


Suarrine ALIGNMEeNT.—The correct alignment of shafting is probably the most important feature 
in fitting of machinery aboard and careful checking is imperative. The final checking will not be made 
until say five-eighths to three-quarters of the engine chocks and one-third to one half of the holding down 
bolts are fitted, but a preliminary check should be made as soon as the engine is set to place and chocking 
started. At many fitting out berths, the vessel lies aground a certain period of each tide, which fact may 
result in improper settings. The setting and checking must be done when the vessel is water borne. 


At the preliminary check the wood chocking of shafts may (except the tail shaft) remain, but before 
the final check, the line of shafting should be absolutely free and resting in its bearings. It is sometimes 
suggested that the tail shaft must be chocked because the weight of the propeller tilts the shaft a measur- 
able amount. When one considers that the stern bush is over four shaft diameters in length, and there 
is the additional bearing of the neck ring it is evident that, with good workmanship, the shaft will lie 
fairly central in the stern gland and have no need of chocks. The surveyor can judge by his measurements 
as to whether any top opening of the coupling is excessive. 


I prefer checking the couplings with a steel wedge about 4 ins. long by 2 in. wide and tapering from 
} in. to a sharp edge ; ,'; in. on length is equivalent to rather under , ;45p In. or 45 of a millimetre which 
is a reasonable practical limit for most purposes. For high speed engines, geared turbines and Diesel 
engines which have to run through a “critical,” or nearly approach one at full power, greater precision is 
requisite and feeler gauges are preferable. The check should be made at four points, top and bottom, 
port and starboard. In the very best practice an additional refinement is sometimes introduced by turning 
the individual shafts through a complete circle and taking 16 instead of four measurements. This is not 
thought necessary through the whole length of shafting, but in case of Diesel engines such a test should 
be made at the engine coupling. 


When making the final check with engine practically fixed and all intermediate shaft bearings 
secured in position, it is recommended that the bearing of shafting on its plummer blocks be tested by 
feelers. The author’s experience is that some adjustment of plummer blocks is generally necessary. 


Securine Borters.—The consequences which would arise should a boiler suffer any movement 
make it necessary that serious attention be given to the fitting of rolling stays and collision chocks. 
Whatever method is adopted, allowance has to be made for the distortion from original form which the 
boiler undergoes when under steam pressure. 
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Some time ago the author carefully calibrated a large boiler cold and under full steam pressure of 
215 lbs. per square inch. The principal alterations in size were :— 
(1) Increase in vertical diameter, 7.¢., rise $ in. 
(2) Increase in length at top—}in. 
(3) Increase in length at bottom—nil. 


rom these results the author recommends that, as a rough guide for workmanship on stays and 
collision chocks, one may assume from !;in. to s';in. per foot increase in diameter and in length at the 
top of a boiler and that at the bottom the expansion will be negligible. 

The types of rolling stays may be divided into three classes :— 

(1) Link bars connecting lugs fitted below centre line of side of shell to lugs riveted to the 
boiler stool. 

(2) Stays secured at one end to lugs riveted to the upper part of shell side and at other end 
attached to vessel’s framing. 

(3) Gusset plates with face angles to shape of boiler shell side and attached to ship’s structure. 

Bearing in mind the rise to which a boiler is subject under pressure, care must be exercised if method 
(1) is adopted that the holes in link bars are sufficiently oval to avoid undue strain on the rivets securing 
lugs to shell. 

If method (2) is adopted and the stays are lugged to a bunker casing, a rigid stay from the other 
side of casing to ship’s shell is called for. 

Method (3) is commonly adopted in small vessels—particularly in trawlers—and is to be recommended 
pos na the possibility of the boiler jumping has to be considered as well as effect of rolling of 
the vessel. 

The method of preventing fore and aft movement (collision chocks) are :— 

(1) Brackets bolted to angles riveted to tank top and bearing against the end of shell. 
(2) Brackets similarly attached to tank top but bearing against a heavy pad riveted to shell 
dottom. 


(3) Small locking plates secured to boiler shell by studs and nuts and bearing against the 
boiler stool angles. 


In methods (2) and (3) the work should be perfectly close and in method (1) the bearing face of 
chock should be only just clear of shell end. 


The ideas incorporated in the foregoing will also be employed in securing large air reservoirs, settling 
tanks, ete. 

Enainté Crocks.—For small steam engines, trawlers, etc., a good form of chock is a cast iron disc 
of 5 ins. to 6 ins. diameter with hole for h.d. bolt eccentric. Steam reciprocating engines of cargo vessels 
are chocked by H section chock with fitting strip about }in. wide. Diesel engines are usually chocked 
with rectangular blocks having ‘fitting strips” all round from #in. to 1 in. wide. 

There should be a metal chock at every holding down bolt, but in case of low powered steam 
reciprocating engines a lesser number may be accepted; the minimum permissible, however, in the 
author’s opinion being a chock at every bolt under the main hearing briége pieces and columns with, in 
addition, a chock at alternate bolts between. ‘ 

The intended thickness of chock will be, according to size of engine, from 14 ins. to 2 ins. and the 
variation in practice from the designed thickness depends on the degree of accuracy of the hull construc- 
tion. A plus or minus variation of }in. is quite good work. If the actual thickness of chock is one inch 
or less, cast iron is not suitable and steel plate strips should be used. 

An engine soleplate, in spite of its appearance, is a flexible affair, which fact it is important to 
remember in wedging the engine up to position. Wedges should be at not more than four to five feet 
intervals according to convenience, and they should not be removed until the engine is chock borne and 
secure from movement. 

When the engine is set to place, measurements of thicknesses of chocks will be taken so that they 
can be prepared in the shops leaving only a small allowance for chipping and filing to place. The process 
of fitting should be going on all round the engine at one time. Work should not be on one side only or 
in one direction only, also the men should all use the same weight of hammer. The chocks require 
“fitting’’—not “driving home.” Whilst not ‘watchmaker’s work” the “fitting” of chocks is really 
“fitting”? and requires to be done with care. 
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A practice which still survives is the fitting of wood packing between engine chocks and its only 
reason seems to be that ‘it has always been done.” It is submitted that it is entirely unnecessary and 
even objectionable and should be discouraged. 

TESTING OF CHocks.—The advent of Diesel machinery and geared turbines having brought into 
prominence problems of torsional oscillations and trouble with engine seatings, the necessity of greater 
care in the fitting of engine chocks is more appreciated. Hammer testing alone is insufficient except, 
possibly, with small steam engines and it is now usual practice to test each chock with “feeler” gauges. 
Where the soleplate is machined on underside, and possibly the top plate of seating also machined, the 
fit should be checked with a No. 2 feeler but. where such refinements of machinery have not been carried. 
out, a No. 4 feeler is a reasonable gauge. A perfect fit all round every chock may not be always obtained 
and the permissible latitude must be governed by experience. It will, however, be quite narrow. The 
“oe check will be made when all holding down bolts are finished. A hammer test is also requisite at 
this stage. 

A further test, particularly necessary with Diesel engines, is to verify that no distortion of the sole- 
plate has been caused in the operation of chocking. Some builders put small projecting lugs on the sides 
of soleplates in vicinity of column flanzes on to which a straight edge can be placed. The method of 
checking is to place cigarette papers on three lugs and rest a long straight edge over them; the holding 
of papers by the straight edge proves the soleplate. Each three lugs will be proved in turn. Where lugs 
are not provided the top sides of main bearing pockets or faces for column flanges will serve for this test. 

Hotpine Down Bours.—Although, in the design of an engine seating, care will have been taken 
that the position for holding down bolt holes in soleplate are arranged in the centre of angle flanges, and 
do not foul rivets, floors, or intercostals, it happens in practice that things are not as was intended which 
fact calls for vigilance on the part of the surveyor. 

Holding down bolts are vither :— - 

(1) Studs screwed through plating of seat and nutted on the underside. 
(z) Plain bolts washered under heads. 
(3) Fitted bolts. 


Method (1) is the one usually employed, for engines of moderate weight placed direct on the tank 
top. It is necessary to caulk the stud to ensure tightness of the tank, but if as sometimes happens, the 
position of stud is not accessible for caulking, washers and grummets will be the only means. 

Should a stud come into a floor, intercostal or heel of bar, the fitting of a locking nut is not possible 
and the holding down bolt will be both liable to leak and to slack back unless sealed by electric welding. 
A stud near or partly through the toe of flange of an angle bar calls for a stepped washer to secure tight- 
ness and solidity. 

Methods (2) and (8) are used for engines on built seatings and for engines of considerable weight and 
heivht. Diesel engines, owing 1o their weight, hewht, aud relatively narrow bases shoulu have a large 
proportion of the holding down bolts “fitted.” 

An evil effect of inaccuracy of position of soleplate in relation to vessel’s structure is the possibility 
of drilling out rivets, or worse still, part of a rivet. Lf a bolt hole cuts part of a rivet, then, to ensure 
tightness of tank, the rivet head should be chipped off ani a large washer fitted under the securing nut. 

The removal of rivets in drilling for holding down bolts should be carefully looked for in Diesel 
work as this type of machinery has more and larger bolts than steam machinery ; also the consequences 
attendant are more serious. Should rivets have been cut out, compensation for loss of “ joining power” 
may be obtained by use of electric welding at appropriate positions. 


The constriction of space in the engine seating or D.B. tank makes the inspection of bolts from the 
underside an unpleasant business, but the difficulty of access is responsible for most bad features of 
workmanship and indicates the necessity of thoroughness in inspection. Besides the points already 
indicated care will be taken that bolt heads make a fair metal to metal contact with the seating. 

For additional security, particularly against collision effects, cast iron angle shaped chocks bearing 
against faces of soleplate flanges are fixed to the tank top or seating by fitted bolts. “I.” shaped chocks, 
fitted »t the four coruers of soleplate, will be sufficient for most jobs although with a long engine an 
additional chock on each side near the centre is advisable. If the thickness of foundation chocks is 


excessive (resulting in long holding down bolts) then the provision of these additional side chocks may 
need to be increased. 
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BrueE AND BaLLAstT ARRANGEMENTS.—In the survey of the fitting of bilge and ballast arrangements 
one must not only see that the materials and workmanship are good and the arrangement is ‘“as 
approved,” but, and this applies particularly in the larger type of vessel with duplicated and alternatively 
arranged methods, be always on the look out that Rule requirements are not unintentionally infringed or 
objectionable features introduced. As an example a case is recalled, where for greater reliability and 
efficiency, all auxiliaries were duplicated and elaborate cross over connections provided, yet in the process, 
a means was provided for putting bilge water into boilers. 


It is a very useful thing to provide oneself with diagrammatic sketches of the piping arrangements. 
The author finds separate diagrams of bilge and ballast, oil fuel suction and delivery, steam pipes, feed 
system, etc., made in the blank pages of Ist Entry note book very useful; a labour saving device is to 
arrange with the drawing office to supply such diagrams, but making the sketches oneself from approved 
plans is a very effective method of impressing the arrangement on one’s memory. 


The hold, bilge, and tank suctions will generally be seen before the vessel is launched and when 
access is not difficult. Points to observe are that tail pipes are neither too close or too clear of bottom ; 
that pipes are clipped clear through holes in margin brackets, floors, etc., to avoid possible chafing; that 
provision for expansion is made where necessary, ¢.7., in oil fuel bunkers; that lead bends are not too 
sharp or constricted by bad bending, and that no lead pipes are attached to bunker bulkheads. Suction 
chests should always be suspect and the valves tried to verify that they are non-return or screw lift as 
required, 


In the work of connecting up from the chests to mains and to pumps, besides the points already 
mentioned, care will be observed that pipes do not foul tank manholes; that the proximity of flanges to 
those of neighbouring pipes do not prevent the joint of one being remade without removal of the other; 
that joints are accessible; that pipes do not touch their neighbours and that the supporting stools and 
clips are adequate and efficient. It is preferable that the stools or chairs supporting pipes on tank tops be 
attached to same by electric welding, as securing by bolting provides a potential cause for tank leakage. 


Ow Furn ARRANGEMENTS.—In so far as workmanship is concerned most of the points raised in the 
last section apply, but bearing in mind the necessarily stringent Rule requirements, it is necessary to 
exercise special vigilance that such are met in the spirit as well asin the letter. For instance, the material 
to be used for jointing will require to be examined and approved; also the scantlings of flanges, the 
method of attaching same to pipes and the quality of their facing are matters for special attention. 


External control of valves, as worked out in the drawing office, often requires amendment when it 
comes to actual fitting in place and it is advisable to discuss this arrangement as early as possible with 
the foreman. 


Shafting controls should be led in such manner as to require a minimum of effort to work them, the 
requisite bearings and universal joints must be accessible for oiling, and in particular, the actual control 
wheel should be in an accessible and visible position. In passenger vessels particular care must be 
observed that such position is not within range of the mischievous. 


STeaM AND Exuaust Prprs.—In an excellent paper given to this Association, Mr. L. C. Davis 
gave a wealth of information on the subject of steam pipes, and therein, and in course of the discussion, 
most of the ground of this section was covered. Given an approved arrangement, the points to be observed 
in the fitting out of same are mainly securing and draining. Whilst clipping must be adequate to 
eliminate vibratory moyement it is important that it not be overdone. A measure of flexibility is 
necessary and will be provided in the designed arrangement, and it is important that such provision should 
not be nullified by rigid and unsuitable staying. Spring loaded clips supply the most effective means of 
meeting all the requirements, and in particular, provide the very best allowance for the rise of boiler. 


In determining the position for pipe supports the primary consideration must be the suitability of such 
for the function of the steam pipe, and not the convenience of structure for attachment. A certain 
measure of compromise may be permissible but the attitude must not be “here is a convenient beam ; 
we'll hang the pipe to it.” 


Drainage is necessary on all sections which can be isolated, at low points, and at blank ends. Whilst 
provision will have been made in the arrangement for such, it frequently happens that low points exist 
where not anticipated and they should always be looked for, particularly in auxiliary and pump room lines. 
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FEED ARRANGEMENTS.—The fundamentals in the foregoing remarks on various pipe systems apply 
equally to feed piping but the author would stress some additional points. Feed discharge systems are 
subject to shock and this fact is of primary importance in securing of pipes. At changes of direction of 
flow, flexibility is very desirable, and to secure this, clips should be as far removed from such points as 
convenient ; it is also undesirable to clip feed pipes to other pipes in their vicinity. Errors in connecting 
up feed pipes to change over valve chests at filters and heaters are sometimes made, so that it is desirable 
that acquaintance be made with the exact valve arrangement. 


Bnast AND Srartine Air Systems.—The inspection of the work of installation of these pipes 
involves similar points to those already dealt with and the high pressures involved call for the best of 
workmanship. 


Pier Testine.—lIt is sound practice to test all pipes by hydraulic pressure before fitting aboard, but 
generally only the following will be seen by the surveyor, viz., main steam, steam to dynamo, steering 
engine and deck valve chest ; main and auxiliary feed, blast and starting air pipes. 


The fact, however, that a pipe satisfactorily withstands its prescribed hydraulic test is not an 
irrefutable reason for its acceptance ; the workmanship on a flange (particularly where screwed on) may 
be very bad and quite unacceptable—yet the pipe may give a perfectly ad test even at a pressure 
exceeding Rule requirements. 


Whilst under the full hydraulic pressure prescribed by the Rules, the pipes should be sounded along 
their length (hammered if they are not solid drawn) and the back of each flange should receive a couple 
of sharp hammer blows to test the efficiency of its attachment to the pipe; after the hydraulic test the 
pipes should be seen disconnected when workmanship of flange attachment, concentricity of pipe end, etc., 
may be examined. A ball or large nut will be put through all bent pipes to verify that the filling used 
for bending has been entirely cleared. 


In the case of copper pipes a test will also be made of the material, the general practice being to cut 
a ring about one inch wide off the length of tube from which the pipe has been made and to flatten it. 
Annealing, on completion of workmanship, is sometimes neglected in the case of straight lengths made 
from, so called “annealed tubes.” This term, being little more than a “trade” description, omission of 
annealing, even of straight lengths, is not advisable. 


Tests ABOARD. 


Om, Fuet Pipes.—The Rules require a hydraulic test to 400 Ibs. per square inch for the pressure 
pipes to oil fuel burners and 30 lbs. per square inch for other fuel pipes, 7.e., suction and filling lines. The 
practice of testing the latter to 501bs. per square inch has become fairly general as, in all but small 
vessels, the lower figure is probably less than double the pressure to which the pipes may be subjected in 
use; in case of separate delivery lines it is advisable to test to 100 lbs. per square inch. 


A single test is usually possible for the whole suction system by the closing of bunker valves and 
opening all others on the system, but this is not always so and inadvertence may result in a part of the 
system being shut off. For such reason the surveyor will find it very useful to have the pocket 
diagrammatic sketch, referred to previously, with him when making this test. In cases of drawn steel 
pipes the potential sources of leaks are confined to flanges, but, the whole length of cast iron pipes require 
examination and cast iron bends and tee pieces are often found porous—in fact the risk is such that these 
should be tested before fitting into place. 


The test of oil pressure pipes to boilers is made by blanking off at the delivery filter and at the end 
of return from boilers. These pipes being of small diameter the flanges are usually “welded” on and 
therefore require careful scrutiny. 


Om Bunker Hearine Cos are tested in place by hydraulic pressure to double the working 
pressure. The fitting of these coils being quite a simple business this test will usually be the only visit 
made and the job passed for workmanship at the same time. Secure clipping is necessary and care taken 
that the pipes are clear of edges of lightening holes through which they pass. At the test particular 
attention should be given to cast iron bulkhead pieces. 
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Binex AND BALLAst ARRANGEMENTS.—Except where bilge lines pass through ballast tanks no tests 
are prescribed by the Rules, but it is nevertheless desirable that the bilge pumps be tested on all suctions 
as soon as steam or power is available. When there is no cther convenient way of putting water into 
bilges for such test, it may be run in through the bilge lines from the sea suction to ballast: pump by 
removal of the bilge non-return valves. This provides a double test of the tightness of the lines. 

The author finds that the dinner hour is a most useful time for this test as, being relatively quiet, 
leaking joints may be detected by hearing. It is, of course, not necessary to examine all along the pipe 
line during the test as the functioning of the pump will indicate whether all is well, but if the pumping 
is unsatisfactory an investigation for the cause will be made. 

The most common defects are badly made joints in lines or mud box covers and the usual method of 
detection is to test suspected joints with a lighted taper, but given the necessary quietude, the hissing 
sound of air leaks will reveal their locality. 

Ballast lines will be proved in the course of filling tanks before the trial trip. It is recommended 
that only one tank be run up at a time unless the arrangement permits of forward and after tanks being 
run up separately, when two might be run up simultaneously. It is not necessary, and in fact, not possible 
for the surveyor to follow out this operation, but by co-operation with the foreman engineer and owners’ 
representative he can assure himself that the job is satisfactory. He will, however, personally satisfy 
himself as to the efficiency of the ballast pump during the process of pressing the tanks. 


Auxiniary Freep anp G.S. Pumps.—Whilst the main feed pumps will be tested in the normal 
working of machinery at dock and sea trials it is important that the stand by methods of boiler feeding be 
tried out and it is recommended that these be tested on the boilers as soon as steam is available. 

Sarety VALves.—Although there is no part of his duty with which the engineer surveyor is more 
familiar than the adjustment of safety valves he will, in the case of a new job, give meticulous attention 
to the operation to ensure that, whilst no more than the permitted pressure is possible in the boiler, yet, 
in the interests of builder and owner, the yalves lift at no less. This involves a little organisation and a 
lot of perspiration. Although the job of setting valves is a simple operation it is amazing how stupid 
some workmen can be and fortunate is the surveyor who has the assistance of capable mechanics. Some 
firms are so good as to give one the same men every time—an excellent practice (the author has been 
fortunate at one works in having a man who has done every job his firm has turned out for 35 years). 
Appropriate gear for the job should be provided and this comprises lengths of pressure gauge piping with 
adapters and connections to enable standard control gauge to be rigged at a convenient place near or on 
boilers tops, special lever with fulcrum for lifting the valves, and sets of locking gear for securing the 
compression nuts after valves are set. 

In setting the valves, one boiler should be taken at a time, and as a preliminary, the compression 
nuts should be screwed down until the spaces for washers are rather less than 4°, in. As the pressure 
rises the compression nuts will be slacked gradually back, but not sufficient to allow the valves to lift. 
At the appropriate pressure the valves should be such that the slightest pressure on the adjusting lever 
causes the valve to tizz. ‘The locking gear should then be fitted to the compression nuts and spaces for 
adjusting washers measured for thickness. Having adjusted the valves on each boiler, and secured the 
compression nuts from possibility of slacking back, the accumulation test may be carried out. For this 
test all boilers should be coupled up through the main and auxiliary steam lines to ensure equality of 
pressure in each. At the first sound of valves lifting it is desirable to go round them to make sure that 
all are lifting; also, the readings of each boiler pressure gauge should be observed and compared with 
the standard gauge. 

It is sometimes contended by builders that, as safety valve design has reached a very high standard, 
the accumulation test might be dispensed with, but, in view of the effect of waste steam pipes on 
accumulation, it is unwise to take things for granted. 


THE Dock TRIAL. 


Geographical, weather, and tidal considerations arise in the rnnning of dock trials and influence their 
value, as the extent to which defects will be revealed depends on the revolutions at which machinery 
is run and on the duration of the test. At whatever speed the machinery is running the correctness of 
functioning will be indicated by relative gauge readings and indicator diagrams but, the revelation of 
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purely mechanical defects is more likely when the the revolutions approach the designed speed ; and it is 
mechanical imperfections which are the surveyor’s chief concern and the period between the dock and sea 
trials is now his only opportunity of getting any such made good. He will, therefore be well advised to 
be as thorough as possible, within the limits of the tests. 


The working of all auxiliaries will be carefully noted, particularly, for example, the speed of 
independent air pumps, where fitted, in relation to the speed of main engines, vacuum, and temperature of 
feed. A note will be made of any imperfections in the behavior of the main engines and agreement made 
with the builder’s and owners’ representative as to steps epi to put things right. A knock on a feed 
pump or a clattering valve may be of little import, but when such occurs the reason should be ascertained 
and remedied. It is also advisable that opportunity be taken to go round all feed and steam piping to 
reassure oneself that the clipping and drainage is satisfactory. 


The remote possibility of boiler leaks should not be overlooked and an examination made of all 
visible parts as well as listening at the furnace mouths for any leakage. 


The performance of Diesel machinery under light, in relation to load, conditions is such that the 
dock trial serves chiefly as a means of checking and adjusting cams for correct timing, but being a full 
power designed unit, considerable vigilance is often required with certain types when running slowly. 


The period between the dock and sea trials is a vital one, and any work found necessary as a result 
of the dock trial should be actively taken in hand to avoid either delay of the ship on completion of her 
sea trials or qualification to classification recommendation. 


This period will also be utilised for the checking of spare gear. 


THE Sea TRIALS. 


The practice of attendance at official trial trips varies in different districts, but there can be no doubt 
of the desirability of the presence of the surveyor who has surveyed the fitting aboard. Occasionally, 
influenced by stress of work, and, having thoroughly satisfied himself at the dock trial and done his duty 
in so far as his report to the Committee is concerned, he may not consider it necessary to attend, but 
experience being that the presence of the surveyor is much appreciated by the owners, every effort to do 
so should be made. 


Except in carrying out the tests prescribed by the Rules—e.y., stopping and starting of Diesel 
machinery—the surveyor need not obtrude in carrying out his functions and may even, whilst 
vigilantly doing his duty, convey the impression that the function is, to him, the pleasant affair of general 
opinion. 

The procedure the author recommends, is to go beiow immediately the telegraph is rung and observe 
the working of machinery during manoeuvring period. Later, when full power has been worked up and 
everything “set,” a lengthy visit should be paid. The surveyor will then visit the boiler tops and 
accessible parts of boiler rooms; note gauge and temperature readings; observe the working of auxiliaries, 
particularly air and feed pumps; note the relation between temperature of bottom of condenser and 
vacuum; read all pressure gauge readings and note their relation and generally observe the working of 
the machinery. In Diesel jobs he will take careful note of all gauge readings, particularly of compressor 
and injection air gauges and lubricating oil pressure; also temperature of piston and jacket cooling water 
and exhaust gases. 


At a later period a further visit will be paid to see that things continue to function correctly, and 
before completion of the trials, the surveyor will assure himself that owners’ and builder’s representative 
are content. Should a defect develop the co-operation of the surveyor in putting things right is usually 
greatly appreciated by the builders and his satisfaction at the remedying of a defect is always a 
satisfactory feature to the owner. 


In conclusion, the author recalls sage advice given him by one of the Society’s foremost men many 
years ago: He said; “A surveyor needs two one foot rules for his work; one thirteen inches and the 
other eleven inches long.” 


It is the “Spirit” that counts and “The Good of the Ship” that matters. 


THE FITTING OF MACHINERY ABOARD SHIPS. 


No. 
Item. | of Stages at which to visit. Points of workmanship to observe. 
| Visits. 
Sea connections ...| 2 to 4| Shell cut and holes tapped ;} That bolt holes are normal to shell. 
| during fitting and when) That threads are full right through. | 
completed. That all work is close—particular attention to bolt | 
| | heads and nuts. 
Boring out lor 2 | Smooth finished. Surface and truth; normality of face to bore. 


Fitting stern tube...) 2 


Engine seating ...) 1 


Before fitting engines. 


(a) When drawn up. 
(b) When finished. 


(a) Fit in stern frame or bracket. 
(b) Tightness under test of after peak. 


Rivet points. Level of plate. 


Boiler seating... ...) 2 


| (a) Before boilers are fitted. 
| (b) When bearing angles 


are up to place. 


(a) That punched edge of plate does not project 
above bearing angle. 
(b) Closeness of fit of bearing angle to boiler shell. 


Auxiliaryseatingsand) 2 
tunnel stools 


(a) Before and 
| (b) after auxiliaries or bear- 
ings are in position. 


(a) Rigidity and stiffness of top plate. 
(b) Position and fit of securing bolts. 


Alignmentof shafting| 2 


(a) When engine set to 
place. 

(6) When about 2ths of 
engine chocks are fitted. 


(a) & (b) Fairness of couplings. 

(0) Equality of weight on bearings. | 
Any variation in different shaft positions at 
engine coupling. 


Fngive chocks 2to4| In process of fitting and) Closeness of fit. 
when finished. 
Holding down bolts) 2or8 During drilling and tap- 


| ping of holes and when 
finished. 


Position relative to floors, bars, and intercostals. 
Whether special stepped washers or other means of 
securing tightness and soundness are requisite. 
Whether any rivets have been removed in drilling. 
That nuts or bolt heads have full metal to metal 
bearing on under side. 


| Bilge and __ ballast) 3 to 6 
arrangements 


| 
| | 
| 


Before connection of suction 
pipes to chests. 

During process of fitting. 

On completion. 


: : on 
| Oil fuel arrangements) 3 to 6 


| Steam pipes 


During process of fitting. 


During process of fitting. 

On completion of each 
section. 

Hydraulic test. 


| Accessibility. 


All bilge valves non-return. 
Secure clipping and provision for expansion. 
Quality of bends. 


| Jointing, flanges, provision for expansion, clip- | 


ping, accessibility, control. 


| At dock trial. 


Opening between the appropriate flanges provides 
allowance for taking up half, or less, agreed 
proportion of calculated expansion. 

Clipping and draining. 


Feed arrangements... 


| Before pipes connected to 
| valves. 

During process of fitting. 

| At dock trial. 


Heating coils...) 1 


| Completed. 


“Joints tight ; bulkhead pieces not porous ; pipes 


That connections to chests are as intended. 
Bends suitable. 
Clipping. 


securely clipped and chafing not possible. 
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DISCUSSION ON Mr. P. T. BROWN’S PAPER 


ON 


THE FITTING OF MACHINERY ON 
BOARD SHIPS. 


THe PRESIDENT. 


We are pleased to welcome to-night in Mr. Brown one of our members to whose enthusiastic support 
the Association owes so much. It is now several years since Mr. Brown contributed his paper on 
Auxiliary Machinery, but in the interval he has been a frequent contributor to the discussions each 
session. 

His paper to-night breaks new ground and treats of a subject which is possibly too much taken for 
granted, as the fitting of the machinery on board is an every-day operation apt to pass unnoticed. The 
clear and detailed statement of the precautions necessary to ensure the satisfactory installation of the 
machinery, and the hints drawn from the author’s experience, should be of value not only to those not 
familiar with this stage of construction, but will probably suggest new ideas even to those to whom the 
work has been so familiar as to be accepted as a matter of routine. 


Mr. L. H. F. Youna. 


In the fitting of the stern tube, reference is made to the type of packing used to fill up the space 
between the flange and the bulkhead. Preference is here given to lead. This material, however, has a 
tendency to creep; and many builders employ wood, which becomes moist and swells and, if well fitted, 
provides a sound packing. 

The idea still prevails in some shipyards, as the author has evident!y found, that the weight of the 
propellor causes the inner end of the screw shaft to lift slightly, and that therefore allowance must be 
made for this in lining-up the shafting. This is surely a fallacy, unless the screw shaft were for some 
reason abnormally short, or the stern bush were not bored parallel, thereby offering undue support to- 
wards the fore end of the bush. 

In dealing with the securing of boilers, the first method mentioned is certainly the most popular one 
with builders. It ties the boiler to its seating, and is quite independent of the surrounding structure. 
The third method, as stated, is really only applicable to small vessels, and in principle is the converse of 
the first; whilst the second method might be said to be intermediate between the other two. The 
practice of staying the boiler to the vessel’s framing has the objection that any external damage to the 
hull in this region may be transmitted to the boiler. The ideal way of applying this method, in the 
opinion of many, is, in place of struts, to fit ties consisting of wire cable and stretching screws. This is 
the general practice adopted by the Admiralty. 

Passing on to the section dealing with engine chocks, the importance of ‘care and accuracy in the 
bedding-down of engines is fully realised in the paper. Innumerable instances could be cited of trouble 
arising owing to insufficient care having been taken to rectify distortion of the bed plate. As it may not 
be always possible to restore the bed plate absolutely to its original form, the crank shaft should always be 
re-hedded in the vessel. This practice should be followed also in the case of auxiliary engines, except 
those of small size. A comparatively frequent cause of breakdown in steam reciprocating generating sets 
is the fracturing of the crank shaft. The weakest point in the bed plate of these sets is generally in 
the part between the engine and the dynamo; and, unless the seating is of a sufficiently rigid con- 
struction, damage is likely to ensue from the extreme flexibility of the bed. 

The author gives some useful hints on bilge and ballast arrangements, and the opportunity here 
might be taken of adding a word on the design of pipe arrangements. So many builders regard the 
bilges and the region beneath the plates as being the appropriate place for laying as many of the pipes as 
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possible. In the case of steam reciprocating engines this cannot be avoided to any great extent, but 
where single reduction geared turbines are fitted the turbines are generally placed comparatively high up, 
and such an arrangement lends itself admirably to the ranging of some of the pipe systems above the 
lowest platform. Many bilge and ballast pipes must of necessity be placed at a low level, but this need 
not apply to lubricating oil pipes, oil fuel pipes, drain pipes, and many others. 

Referring to steam pipes and their drainage, a certain degree of carelessness is sometimes shown 
when superheaters are placed out of commission. The majority of the pipes are generally removed, but 
the owners often allow certain pipes and fittings to remain. It is most necessary to assure one’s self that 
such pipes do not become blank ends. 

On the question of safety valves the author describes the usual method of carrying out the 
accumulation test with all boilers coupled up. But is it not advisable also to afterwards isolate one boiler 
for this purpose as a further check ? 


Mr. G. W. A. Laine. 

We have just listened to a very interesting paper, and I wish to thank Mr. Brown not only for 
composing it, but for coming here and so ably presenting it. 

It will be of great assistance, especially to those colleagues who may not have so much experience in the 
Society as Mr. Brown, and who find themselves in a small port without anyone at hand to have a chat with. 

Though I cannot recollect ever hearing of a case of flooded bilges through the breaking-off of a bolt 
securing a sea connection to a vessel’s shell plating, I fully agree that these bolts should be screwed into 
the shell plating; where the shell plating is thin, and the opening not so large as to require compensation, 
I suggest that a doubling should be fitted where the thickness of the plating is much below the diameter 
of the bolt to be used. 

Does the author mean that the entire surface of the plating, in the way of the bedplate, be machined 
in place? If this is so, how is it done and how long does it take to do? It was the practice in the yard 
I recently had to deal with to face and true up by hand the seating plates in way of each chock, and to 
fit a chock at every bolt in oil-engined vessels. 

The author’s remarks on shafting alignment are very complete. 

I think it quite satisfactory practice to ease back the tunnel bearing holding-down bolts for the 
commencement of the dock trial, and so let the bearings finally adjust themselves to the shaft. 

I am rather surprised to see that the author found an elongation of } in. on the top of the boiler 
gauged and not on the bottom. Could he tell us if much trouble developed at its seams? There should 
be no appreciable difference in the expansion of the top and the bottom of a properly warmed-up boiler, 
and, when it is in that condition, the staying and chocking should be examined to see that they do not bind. 

I am glad the author stresses the importance of an efficient arrangement and fitting of holding-down 
bolts and chocks. Holding-down bolt troubles are generally the results, in my opinion, of an insufficient 
percentage of the bolts being fitted through the top angles of floors and keelsons where the engines are 
placed direct on the tank top. It is not possible to get all the bolts so fitted, but the maximum number 
should be. 

I think the author is rather severe in requiring pipes to be hammered whilst under hydraulic test. 

1 would again thank Mr. Brown, and wish him many questions to answer. 


J. M. Murray. 

Mr. Brown’s paper should be of great value, especially to the young surveyor, and it only requires a 
reference to deck machinery to make it complete. 

A little thought in the initial stages often saves trouble and confusion in the end, and this is par- 
ticularly noticeable in the matter of shipping machinery. Care should be taken that the engine holding- 
down bolts do not foul the rivets in the intercostal top angles. This can be arranged if the matter is 
considered early enough. Pipes should also be arranged to clear pillars, girders, engine seats and bulk- 
head brackets, and, when this is impossible, care should be taken to provide suitable compensation when 
these members have been cut. 

With regard to Mr. Brown’s preference for machined top plates of turbine and Diesel seats, it is the 
practice in some yards to fit machined strips to the top plates proper. This may have some advantages. 

In conclusion, I would thank Mr. Brown for his paper, and express the hope that he may amplify it 
on the lines suggested in the first paragraph. 
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Mr. A. Ewina. 

Mr. Brown has given us a very practical paper on a subject which is very vital. If a surveyor, 
looking after the fitting out, carries out the survey in accordance with Mr. Brown’s suggestions, he will 
be able honestly to say that he has done his job. 

I am sorry not to have arrived in time to hear Mr. Brown give the paper and to hear the former 

rt of the discussion, but I have noted a few points and will risk going over the ground that may have 
een covered by earlier speakers. 

On page 2 the author refers to seatings as a problem to be jointly dealt with by the ship and the 
engineer surveyors. The importance of seatings is being more fully realised, but in the past there have 
been some very bad cases of unclosed work and of bad holes in engine and thrust seatings. In inaccessible 
places where good riveting is not practicable, good taps or fitted bolts are far better than bad rivets. 

The closeness of work before riveting is very important in engine seatings, and there are some who 
advocate the replacement of service bolts by permanent taps, thereby hardening up the work before 
riveting and avoiding the disturbing effect of taking out service bolts as riveting progresses. 

On page 4 the author makes sweeping condemnation of wood under bedplates. Where the tank 
top is amply stiffened in way of the engines it is unnecessary to fit wood chocks. 

Where the scantlings of the tank top are down to the minimum, there is something to be said in 
favour of wood chocking. It helps to damp out vibration and prevents cracking of the tank top through 
panting. 

On page 4, paragraph 3, Mr. Brown gives us sound advice regarding chocking, and I am glad he 
has laid such stress on the flexibility of engine bedplates. One case comes to mind where the bedplate 
was so badly sprung that, when columns and cylinders were erected, the joint bolt holes in the eduction 
pipes were about $in. out. Another case was a turbine weighing over 300 tons. The turbine was 
landed on blocks 2 in. too high and had to be lowered on wedges. 1t was found that the casing could 
be distorted ,°, in. without apparent difference on the load on the wedges. 

The table at the end of the paper will be very useful to surveyors going for the first time on to 
new work. 

We must all thank Mr. Brown for his practical and business-like paper. 


Mr ©. W. REep. 

The paper which we have just heard is one which will become a “classic,” especially for those freshly 
engaged on ‘new work.” 

This is the type of -paper the Staff Association can never have too many of: being unofficial 
supplements to the Rules, and mines of sage advice. 

The author is, perhaps, a little optimistic to hope that every point he mentions can receive the 
attention of the surveyor, especially at a busy port where he is engaged on repair work as well, but it is 
certainly a criterion to be aimed at. Also the number of visits suggested in the useful table given at the 
end of the paper appears to me, from my limited experienced of new work, to be very low, and showing 
great confidence in the efficiency of the builders’ organisation ; usually one has many wasted visits, when 
things are “ not ready after all” or “the pump has broken down !” 

Regarding the alignment of shafting, I also find a wedge, similar to that mentioned by the author, 
very useful, and also less liable to error than juggling with a bunch of feelers. 

It would be interesting to know whether the author is able to get the circulating pump bilge suction 
to work without difficulty. I have always found it impossible (in old vessels, at least) to get this to work 
unless one first has the pump running on the sea and changes quickly over. 

Perhaps at some time in the near future the author vould see his way to continue the good work by 
giving us a paper dealing with the inspection of new work in the shops. 


CORRESPONDENCE, 

Mr. H. N. PemBerTon. 
The general character of Mr. Brown’s paper makes it rather difficult to enter into any detailed 
discussion, ‘There are so many points which one could raise, but to do so would be impracticable, having 
regard to the space at our disposal. The author’s greatest problem must have been in deciding what to 
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leave out. Whole papers could be written on certain matters to which he has only devoted a paragraph. 
Perhaps on some future occasion our Secretary will prevail upon him to extend some of these paragraphs 
into complete and separate papers. 

Regarding the methods for securing ship side fittings, does the author agree that the only permissible 
alternative to bolts screwed through the ship’s plating should be the provision of thick pads riveted to 
the inside of the shell, to which the fittings may be secured by studs ? 

It is not understood why the spigot of a blow-down cock should project through the covering ring. 
Surely this is a dangerous practice, as it allows the cock to take the full shock due to an external blow ! 

A little more might have been said about the material of the bolts for these fittings. Rolled or 
forged metal should be used, not cast, as has in some cases been found. A case is remembered in which 
the bolts were made from cast sticks of brass; this was discovered, at a subsequent survey, by the 
surveyor lightly tapping the nuts securing the flange of a seacock, when the points of the bolts fell off. 
All the bolts securing the ship side fittings throughout the ship had to be renewed. 

The finishing up of a vessel is usually such a rushed affair that the testing of bilge pumping arrange- 
ments is not always as thorough as it might be. Bilges should be flooded and then pumped absolutely 
dry before the vessel is handed over to the ship’s engineers. I remember joining a new ship as second 
engineer, and on getting away to sea we found that the strum boxes, instead of being properly fitted 
round the ends of the tail pipes, had simply been thrown into the bilges and left lying there. We had 
some anxious hours with choked suctions and rising bilges—a very serious state of affairs, and one which 
could not have been possible had the inspection of the bilge arrangement been adequate. 

In the sections of the paper dealing with dock and sea trials, the author says nothing about the bilge 
injection. It will, of course, be acknowledged that the actual testing of the bilge injection on the bilge 
is Important. 

Blast and starting air systems are very briefly mentioned, On large vessels these systems are apt to 
be somewhat complicated, and particular attention should be given to the position and accessibility of the 
valves. Very often one has to be a contortionist in order to manipulate them. Accessibility is a feature 
of machinery installation which, too frequently, seems to be relegated to the background, and important 
valves should at least be placed in positions where they can be conveniently operated. 

The provision of relief valves in the high- and low-pressure air systems is important, though it is not 
always indicated on the arrangement drawings. The surveyor must be satisfied not only that the valves 
are fitted, but that they are fitted in the most desirable positions. 

One of the tests (not mentioned by the author) which cannot very well take place before the dock 
trial is the testing of the capacity of starting air receivers. It is on the small vessel where the capacity 
provided is likely to be a minimum. The “twelve consecutive starts” requirement is somewhat vague, 
because the amount of starting air used per start must always depend upon the condition of the engine 
and the weather and sea conditions prevailing. We all know the difficulty encountered when trying to 
reverse certain oil engines at sea, when the vessel is under way. Indeed, it is not so much the capacity of the 
air reservoir that matters as it is the capacity of the auxiliary air compressor, particularly the emergency 
compressor. A marine engineer’s nightmare is the prospect of losing all his air. I had this experience 
once during a temporary stoppage of main engines and auxiliaries. The vessel had to be taken in tow. 
Our emergency manual compressor was so ridiculously small that it would have taken a week to get 
sufficient air to start a generator set. 

As one of the “younger colleagues” referred to in the first paragraph of this paper, I thank 
Mr. Brown for giving us something really helpful. His paper will certainly serve to guide one’s train 
of thought along the right lines. 


Mr. C. Morrarr. 


Mr. P. T. Brown’s excellent paper, entitled ‘* The Fitting of Machinery on Board Ship,” constitutes a 
very useful contribution to the Association’s worthy collection. The author is to be congratulated on his 
handling of so practical a subject, and for his readiness to impart knowledge which, as he says, can only be 
obtained in the school of experience. 

During perusal of the context, one or two points have presented themselves for treatment which, it is 
hoped, the author will deal with in his “ Reply to Critics.” 
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Referring to engine chocks (last. paragraph), since the fitting of wood packing between cast iron or steel 
chocks is invariably the rule in small ships, will the author please state the reason for his objection to the 
practice ? 

In the case of “ Bilge and Ballast Arrangements ” (first paragraph), does the author suggest that the 
arrangement should be such that to pump bilge water into the boilers should be an impossibility ? 
Considering the very limited amount of auxiliary machinery in many small vessels and trawlers, it is not 
uncommon to find a case where this is possible. 

The information contained in the section on “Securing Boilers” is very useful, and the statement 
that the increase of length at the boiler bottom is nil provoked one’s curiosity. An opportunity presented 
itself for recording the measurements of a new boiler, 14 ft. 3 in. diameter by 10 ft. 8 in. long and 
working pressure 200 lbs. per square inch, fitted into a new steam trawler, the centre keelson being the 
custodian of the marks. 

The method was :— 

(1) Boiler filled to half glass with cold water—length “ marked off” on to centre keelson. 
(2) Safety valves adjusted to 200 1b. (boiler bottom almost cold) difference in length—Nil. 
(3) At finish of speed trials (boiler bottom thoroughly heated) difference in length ,°5 in. 

The result of this suggests that the toe pieces of collision chocks should be clear of boiler end plates 
when cold. 

True, it is the “Spirit” that counts, and in this particular case,“ The Good of the Association ” 
that matters. 

Mr. L. Peskerrt. 

In his opening remarks, Mr. Brown points out that the object of this Association is to make the 
experience of the individual available to all Members, and with this in mind I venture to make a few 
observations on his very interesting paper. 

With reference to the fitting of sea connections, [ think it is not at all desirable to have the spigot 
of the ship’s side blow-down cock projecting through the brass covering plate, but rather that it should 
be a little below the surface of this ring, thus affording protection to the fitting by keeping it out of 
harm’s way. While on this point, | have found that attention should be given in the case of any large 
spigoted ship’s side fitting to see the spigot is a reasonable fit in the space made for it in the shell. 

The machining of the top plates of an engine seating has proved to be very unsatisfactory, due to the 
tendency of slackening the rivets by this procedure, and in my opinion a better method is to have flush 
riveting at this part, any irregularities on the surface being ground off with an emery wheel. I do not 
see that there is anything to be gained by examining the preliminary alignment of shafting. Mr. Brown 
suggests as a refinement in testing the alignment of shafting that each individual shaft should be turned 
a complete circle and 16 measurements taken instead of four. This will be rather difficult to carry out 
with the many tunnel shafts which have only one bearing per shaft, and with the crank shaft in the case 
of a Diesel engine having an overhung flywheel. I consider, however, that it is desirable in the case of a 
Diesel engine to have the centre coupling of the crank shaft left uncoupled and tested for alignment at 
the same time as the shafting. This will give an indication of whether the bedplate has been distorted to 
any extent in the chocking. Another way of verifying this is to test the centre cam shaft coupling with 
feelers, as any movement of the bedplate will be magnified at this part. While not in agreement with 
the machining of the engine seating top plate, I am of the opinion that it is essential that the bottom of 
the engine bedplate be machined to get good results from chocking. It has been found in some cases with 
the underside of bedplate not machined that the chocks were only fitting on the outside edge of the sole- 
plate flange, causing endless trouble with slack holding-down bolts and chocks afterwards. In my opinion, 
wood packing under an engine bedplate serves a very useful purpose if properly fitted—that is to say, the 
wedges being of sufficient length to pass thrcugh each of the fore and after girders of the engine bedplate. 
They help to relieve the shock of vibration of the engine on the C.I. chocks, and in heavy weather there 
is generally a certain amount of water swirling over the engine-room tank top, which causes the wood to 
swell and take up any slack in the holding-down bolts which may have been produced by the engine 
racing. While on this question, I think the fitting of small wood chocks under auxiliaries in way 
of bolts only should not be allowed, but these should be replaced by suitable hardwood strips 
covering the base of the pump or engine, as the case may be. 1 think the author will agree with me 
that the clipping of pipes to engine-room gratings should not be permitted when there is another means 
of substantial support elsewhere. Regarding the testing of pipes in the shop, I think it is a good 
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practice to have the testing joints made clear of the junction of the pipe and flange, so that the method 
of ,fixing same is under the full test pressure. At this time it is a splendid opportunity of paying 
particular attention to the flanges to see that they are normal to the centre line of the pipe, and that 
they are not placed in the centre of the bend. further to the remarks made by Mr. Brown regarding 
bilge and ballast piping, I have found on more than one occasion that these pipes have been cut, bent 
round a sharp right-angle bend, and the junction acetylene welded. This has the effect of reducing the 
effective area of the pipe considerably, and should not be allowed. Also I have found the straight tail pipe 
from mud boxes in the bilge line so placed that it was impossible to pass a rod down them for clearing purposes. 

In concluding these few remarks, I should like to thank Mr. Brown for an extremely interesting 
paper. The subject is certainly comprehensive, and I look forward with interest to the various further 
contributions to the discussion. 


Mr L. C. Davis. 

The author has treated his subject comprehensively, and the many interesting points raised merit 
lively discussion. 

A third material used for filling the space between the flange of a stern tube and the A.P. bulkhead 
is Portland cement. Iron ferrules are fitted on the bolts behind the flange, and the nuts are hardened up 
before applying the cement. This method may appear to lack a desirable flexibility, but in practice it 
proves to be as good as it is cheap. 

Alignment of shafting is influenced by many factors, and it is not infrequently found that, in certain 
alternating conditions, an adjustment giving an equal + and — discrepancy is the best that can be 
‘attained. Certainly the vessel must be afloat for this process, and it is advisable that the boilers be filled 
before coupling up. The filling of an after deep tank will play ducks and drakes with tunnel shafting 
alignment, while, in the case of a large vessel, the heat of the sun on the deck or the side plating may 
have a marked influence at the couplings of the thrust shaft. 

The author's remarks respecting the variation of the dimensions of a boiler from cold to full steam 
are of interest, and the writer can confirm the instance of the increase of vertical diameter by gin. from 
observations of several cases. Actually, while items 1, 2, and 3 in this respect are quite common knowledge, 
it is nevertheless true that a certain scepticism on the subject often leads to the neglect of any practical 
application of such knowledge. 

On the other hand, a greatly exaggerated allowance for expansion is very often made when fitting 
collision chocks at boiler ends. By reason of their exposed position, the clearance of these chocks is 
rapidly increased by corrosion. Jn many cases, indeed, it is certain that, if the boiler started to move 
longitudinally, by the time it reached the chock it would be powerless to prevent further movement. 
Moreover, it is probable that the pipes connected to the boiler would be carried away before the boiler 
reached the chock. Fortunately, the conditions which would result in such movement are exceedingly 
rare, and thus end-chocks remain largely ornamental, and give no cause for any general apprehension 
respecting their lack of virtue in material respects. 

That provision for the movement of pressure steam pipes should be made is not disputed, but the 
fact that some waste steam pipes may have an equal Peat for similar treatment is apt to be 
overlooked. Waste steam pipes may be so arranged that they throw severe stress upon safety-valve 
castings when the boiler top rises, and this applies particularly when the pipes are of steel. 

Discussion as to the relative merit of materials is, perhaps, outside the range of the paper; it seems, 
however, apropos to mention that steel is an undesirable material to use for the waste steam pipes from 
safety-valve chests, not only on account of rigidity, but also because the conditions of service involve 
internal corrosion of the pipes, the resulting scale falling into the chest and choking the drain. 

The author very properly refers to the necessity of determining the proper clearance between bilge 
and tank suction tail pipes and the bottom. This is important, and the necessary amount of clearance 
varies with the precise function and type of tail pipe. In an oil bunker or ballast tank, where it is 
desirable that the compartment should cs capable of being pumped as “dry” as possible; and, moreover, 
where solid refuse is unlikely to accumulate, rose boxes are dispensed with, and the tail pipe is usually 
bell-mouthed to maintain the requisite area of opening. In such cases, a small clearance, say } in. to 
1 in., may be ample. 

Hold bilge suctions are sufficiently clear at a quarter of their diameter since they are protected by 
rose boxes, but the case of straight (not necessarily vertical) tail pipes from mud boxes in the machinery 
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space is entirely different. This arrangement was designed to meet the sometimes inevitable inaccessi- 
bility of rose boxes to allow a free passage of refuse to the mud box, and to allow the tail pipe to be 
cleared, if necessary, from the mud box top by means of a rod or hook. 

Now, the last of these objects is, perhaps, the most vital, but the arrangement cannot function in this 
respect if the tail pipe is so close to the bottom as to intercept foreign matter and allow it to accumulate 
round the lower end of the pipe. When this occurs, the use of a rod or hook through the mud box is 
ineffective, and the remaining alternatives are the removal of the tail pipe, or recourse to the process 
known as “ bilge diving.” 

In appreciation of this point, some builders and owners haye agreed that the clearance at the bottom 
of an open tail pipe in a bilge should be equal to the diameter of the pipe. This would appear to be a 
sound general rule, but is still meagre in respect of certain small pipes, as, for example, a 2-in. suction 
under the thrust block in an engine room having open floors. 

In this connection, it should be remembered that no oil tank, bench, bulky spare gear, or other 
obstruction should be fixed above a bilge mud box at a lesser height than the length of the tail pipe. 

In reference to oil fuel pipes under the heading of “Tests Aboard,” the author mentions the 
advisability of testing cast-iron bends and tee pieces before fitting them in place, and the writer concurs 
on this point. The failure of such castings at the hydraulic test of the system is quite common, and the 
constricted space in which they are often located is neither conducive to the detection of the fault nor to 
the efficiency of its subsequent repair. 

Paragraph 3 of “ Oil Fuel Arrangements ” contains a reference to the universal joint. ‘This familiar 
contrivance, so commonly used in the mechanism for operating valves or W.T. doors from a distance, can 
hardly claim to be popular. Its use is often associated with jerks and jars, position of the hand wheel or 
ratchet when turning does very little work, and alternative positions when it can hardly be turned at all. 
Investigation of the trouble invokes sage references to “friction,” an application of the oil-can, and the 
display of much fervent hope, all equally ineffective. 

Now, an examination of a pair of universal joints showing the symptoms to which I have referred will 
reveal that the two jaws on the centre member have been fixed in the same plane—for an unknown reason 
they almost invariably are. Fixed in this manner, the speed ratio due to the angle of the first pair 
is multiplied by the speed ratio of the second, resulting in an alternating “step up” and “step down” 
gearing with a ratio, depending upon the angle of the centre member, which may be so great as to render 
the arrangement unworkable. 

It is only necessary to fix the jaws of the centre member at 90 degrees to each other entirely to 
eliminate the trouble. The speed ratio of the first pair is then multiplied by its reciprocal, the resulting 
ratio is 1 to 1, the effort required at the handle is constant, and, while it is true that the contrivance will 
work better with a little oil, the fervent hope becomes superfluous. 

Under * Pipe Testing,” the author very properly points out that a pipe is not necessarily fit for its 
work because it does not fail under the hydraulic test. It certainly is not. Whilst a hydraulic test is an 
excellent means for proving immediate tightness and, to an extent, soundness, it proves nothing else. A 
clean tongue is no proof that the patient is not suffering from toothache. The hydraulic test cannot be 
claimed to represent conditions of service, which may involve, in addition to internal pressure, temperature, 
expansion, vibration, various alternating conditions and always—time. An appreciation of these factors 
represents the difference between engineering and plumbing. 

The Sea Trials—With a view to promoting uniformity of practice, it may be mentioned that, in the 
Clyde district, the prescribed number of starts of Diesel engines is made in alternate directions. This 
procedure has the dual advantage of testing out the manceuvring capabilities and eliminating bias due to 
the way of the ship. 

I should like to add my quota of thanks and appreciation to the author for his practical and usefal 
paper. 


Mr. H. SutHerst. 


Mr. Brown has given us a lot of information on a phase of the Society’s work which, performed as it 
often is amidst pipes, plaster, paint, and perspiring people, is not always of the easiest. 

In his remarks on engine seatings, he says that “for Diesel and turbine work it is recommended that 
the seating plates . . . be machined.” I imagine this is a very difficult thing to do, and perhaps 
the author will be good enough to say how engine seating plates are machined in position ; it would be 
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hardly worth while doing this elsewhere. The best attempt I have seen to secure accuracy was in the 
case of a 4,000 H.P. Diesel, where every chock was marked for its place on the seating, and there scraped 
and bedded to a “dead fit.” This took several men three weeks to do, and was generally considered to 
be not worth while. 

Regarding the securing of boilers, I find that a plate and angles chock, fitted to front ends at centre 
line, is often more of a danger than help; in small vessels, it is generally out of sight and mind, and in 
way of it one not infrequently finds that a combination of loose bilge water and hot ashes have played 
havoc not only with the chock itself, but with the boiler end flange and seam. A centre pad with suitable 
bars or stays above seems to give more satisfactory results. 

The account of a boiler “lifting” under full pressure is borne out, and this justifies ample clearance 
being allowed for steam pipes passing through screen bulkheads. 

As the author confines his remarks mainly to Scotch boilers, perhaps a few remarks in connection 
with he Yarrow type may be of interest, especially as so many good-class vessels are fitted with them 
nowadays. 

The very large Yarrow boiler depends on its casing for support. The steam drum ends are hung 
from the stiffened casing, the tubes and water drums being left to expand downwards, pressing the drums 
into the lagging, and sometimes a small strip of metal is fitted for the water drums to slide on, sideways 
and down. ‘The small and medium types of boilers have short cast steel brackets riveted to the underside 
of the water drum—generally one at each end of a drum—and these are held down by bolts and large 
washers, the bolt holes being oval to allow expansion, as shown on rough sketch. 

The only bracket with round holes is the right-hand front, generally as nearly under the main stop 
as may be. 


Lod 


% 


BO/LER FRONT, 


Under “ Bilge and Ballast Arrangements ” the author reminds us that no lead pipes should be fitted 
to bunker bulkheads, and I always feel that this might, with advantage, be applied to all bulkheads, for 
a hold filled with coal differs little from a bunker, and is not so accessible. 
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Mr. W. G. MINCHIN. 


Mr. P. T. Brown’s paper is most interesting and instructive, and one which ought to be much 
appreciated by our younger colleagues. 


Fitting Stern Tuses.—Some of the engine builders here bore their stern post with a slight taper, 
and the collar at the fore end is left anything from $ to } clear, so that there is no question of the tube 
being tight. 

AUXILIARY SEATINGS is a most important item, and the Shipbuilders are at last realising this, and 
are now, in most cases, giving a well-built seating. 


SHarrine ALIGNMENT.—I agree that this question is one of the most important points in the fitting 
out. In this port, we do not test alignment until the whole of the chocks and bolts are fitted. The line, 
thrust and propeller shafts are not coupled up; in fact, the bolts are not in position. In the case of 
Diesel engines, the centre coupling of crank shaft is uncoupled in the same way as the other shafts. The 
final testing of shafting is done when the vessel is afloat. The author is quite correct when he states 
that a sole plate is a flexible affair, especially a long Diesel one. Quite a number of Diesel engine builders 
here make a template of the sole plate showing the holding-down bolts and by that means are able to 
keep clear of all rivets in engine seating, the closing length of line-shafting being left for length until 
the correct position of sole plate is found. We have found alignments, carried out in this way, to be 
most satisfactory from Reports, and there are no cases of leaking holding-down bolts. 


All copper feed or straight lengths of steam pipes ought to be annealed, and, in the trade expression, 
annealed tubes are a fairy tale : for the writer has tested samples taken from the so-called annealed tubes 
and found them far from annealed. 


Accumulation tests of safety valves should be carried out in all cases, even if the job is a duplicate 
of a previous one, for it would not be the first time that a blank flange (centre of joint not removed) has 
been found in the exhaust pipe. 


A dock trial cannot be considered a satisfactory trial (final) ; for | have known and seen dock trials 
satisfactory, and when the official trials have taken place defects have developed, and in some cases the 
vessel had to return to dock for renewals. Engineers and superintendent engineers are always most 
desirous that surveyors should attend the official trials, and in this port surveyors are specially requested 
by the builders to be present. In fact, the dock trial is only considered here as being a builders’ own 
trial. Unless a surveyor attend full power trials, I do not think he is in a position to state everything is 
satisfactory. 


Mr. Brown is to be congratulated on his paper. 


REPLY BY THE AUTHOR. 


It is a very great pleasure to read a paper to this Association. ‘The warmth of welcome, the patient 
hearing, and the kindly expressed criticism repay one handsomely for the little work involved. 


Before replying serialim to the contributors to this discussion, I would like to remark on the 
unanimous agreement as to the flexibility of soleplates and the necessity of care in fitting chocks. 
Personally, I feel that many troubles of the past resulted from lack of due appreciation of this matter. 


Mr. Young refers to the tendency for lead to creep. This is so; but there are compensating 
advantages in employment of this metal for filling space between the tube flange and bulkhead. 
Confinement of space often makes it difficult to fit wood, and, if the space is not approximately parallel 
and at least one inch in depth, a good job with wood cannot be got. 

The chocking of a generator set requires equally careful: treatment as main engines, and Mr. Young 
rightly draws attention to necessity for rigid seating construction. 

In regard to the isolation of a boiler as a further check on the accumulation test of all boilers 
together, I do not regard this as necessary unless undue accumulation has been shown. In such event, 
the course would be recommended as a means of ascertaining the cause of excess. 
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Mr. Laing refers to the machining of the top plate of engine seating. The more usual method is 
to machine the plate before riveting into place; but the job can be done in position by adaptation of a 
plate planing machine. I prefer the first-named method. The theoretical accuracy of the second is not 
obtainable, but the practical points desired are attained at lesser cost. I do not commend the idea of 
slacking back tunnel bearing-bolts to allow the bearings to adjust themselves. It is neither scientific 
nor mechanical. One must retain control of a machine, not let it look after itself. 


The normal distortion of a boiler under full steam pressure is not sufficient to cause leakage, as, for 
example, in the case of the experiment quoted. I cannot give the temperature of the bottom of shell 
(not lagged) at the time; but it was certainly hot. It was, in fact, a practical, everyday case. 


The amount and incidence of distortion or expansion depends on design. The figures given by 
Mr. Moffatt in his contribution, for which let me now thank him, illustrate the point. He quotes the 
case of a trawler boiler and gives a figure of ,);in. increase in length at boiler bottom when thoroughly 
heated after speed trials. Now, if one accepted “calculated linear expansion” for increase in boiler 
length, such increase would be ‘24in., say Fin. Had the length of boiler at top been measured, I think 
Mr. Moffatt would have got a figure of about }4in. increase. 


The design of a large cylindrical boiler for a liner (case quoted) differs materially from that of one 
for a trawler as briefly, but not fully, illustrated in the following table :— 


aki j 
BOILER PART. LINER. | TRAWLER. 


eee det SEAS, 
| 
Furnaces... as ... | Corrngated ... ue oa | Plain. 
End plate... Sr. ... | In 38 pieces | In 2 pieces. 
Longitudinal stays, top ... | Wide spacing... | Closer spacing. 
Tubes... ne $e ... | Small close spaced... ... | Large wide spaced. 
Longitudinal stays, lower ... 3 round each lower manhole... | One above lower manhole 


Let us be absolutely clear, however, about this question of length of boiler at the bottom. As the 
paper is only concerned with practical fitting aboard, the remarks on expansion were only given as a guide 
to the securing of boilers. A full Seal leratih of this subject can only be given by an exhaustive 
examination of design, so for the present I will just add that, although overall length at the bottom will 
show inappreciable (for practical purposes) increase, it must be remembered that the boiler “ barrels.” 

Mr. Ewing still favours the use of wood chocking. It may prove a desirable expedient in the case 
of engines imposed on tank tops designed only as such and not also as engine beds, but such unscientific 
practice should not exist. My reasons against wood are :— 

It prevents free flow of water. 

It harbours dirt. 

It may exude corrosive acid. 

The men engaged in fitting the chocks are in the way of those engaged in real work when 
fitting out. 

The shavings and sawdust made in fitting them will be chocking bilge strums for months. 

It is costly. 

The only reasons ever given are “ compromises.” 

Mr. Reed raises the question of the number of visits. ‘Those given in the table refer to minimum 
essential visits from small to large vessels. The total visits necessary after launching for cargo vessels of, 
say, 2,000 I.H.P. to large tankers of, say, 8,000 I.H.P. will be from five to twenty. Of course, no week 
should pass where day work only is in progress without paying two visits ; if overtime is underway three 
visits will be necessary, and at certain stages one may have to visit the job each day for perhaps a week. 


A surveyor can visit a job so frequently as to convey the impression that he is always available. 
This makes for slackness. 
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I must admit never requesting the opportunity of testing the bilge injection of a new job. It might 
be too much to ask, and having so often to tolerate wood chocking | have never considered it advisable. 

Mr. Pemberton’s idea of thick pads and studs is good where the shell plate is not curved, but it has 
the demerit of expense. 

The idea in asking that the spigot of blow down valve projects slightly through the ring is to make 
doubly sure that it is not beneath the surface of ring. It is necessary to ensure a clear blow out without 
eddying effect which would attack the shell of vessel. A thirty-second of an inch is sufficient projection. 

Cast sticks of brass are most unsuitable for making bolts. Anybody using such material should get 
penal] servitude. 

I heartily agree with all that is said about accessibility, etc., and would refer to the second paragraph 
of the paper. 

In carrying out the Rule Requirements of 12 consecutive starts, it is my practice to start from full 
ahead to a full astern movement, and then alternate 11 times on each main engine, observing that all 
cylinders are on fuel and tachometer reading full-speed revolutions before giving succeeding order. 

Mr. Moffatt asks if it is considered that it should be impossible to pump bilge water into the boilers. 
It is. Given the means somebody will surely do it. The Rules give certain sanctions which meet the 
case of small vessels, but it would be better if builders did not avail themselves thereof. 

Mr. Peskett mentions the desirability of the spigots of large ship side valves being a reasonable fit in 
the space cut in the shell for their reception. I go further—they should be a good fit. 

Regarding the examination of line of sbafting in preliminary stage, there is much to be gained. 
Effective co-operation with the builders in the course of a surveyor’s duty is best shown by interest in all 
stages of the job. Mr. Peskett will note that the paper states that the ‘ additional refinement” of taking 
16 measurements in shafting alignment “is not thought necessary through the whole length of shafting,” 
but only to be used (as a refinement, and therefore in special cases) in Diesel engines at the engine 
coupling. When there is only one bearing per shaft the shafts should be coupled in pairs; shafts resting 
on single bearings cannot be accurately checked. The centre coupling of crank shaft must be checked, 
but it alone is insufficient to prove soleplate. The only effective verification of this is given in paragraph 3, 
page 4, of the paper. The check of cam shaft will show that an error exists somewhere, but it does not 
prove bedplate distortion. I have already dealt with machined top plating, and can only add that those 
who have adopted it have continued the practice. The cost is saved in the work of fitting chocks. 
Within my knowledge nobody has yet dispensed with rivets for thick top strips carrying engine soleplate, 
but it would appear to be a sphere for the builders to apply their proclivity for electric welding. 

The subject of wood packing has been dealt with, but I must add a feeling of disappointment that it 
should be advocated on the grounds that problematical swelling will take up slack in holding-down bolts. 

Small wood chocks in way of bolts should not be permitted under auxiliaries. In the case of small 
pumps, a complete hard wood chock the full size of base should be used ; larger auxiliaries will have iron 
or steel chocks as for main engines. Mr. Peskett is quite right about pipe testing—the centre hole in 
joint should be greater than outside diameter of pipe. 

Regarding the straight tail pipe to bilges, one has occasionally to exercise a little discretion, but any 
slight bend allowable should be such that a rod of, say, } in. diameter may be passed down for clearing. 
A case within the author’s experience, when he had to get a couple of suction chests shifted, was traced to 
a draughtsman’s error in having drawn the bulkhead, to which these chests were attached, at the wrong 
ordinate of ship. 

Mr. Davis’s criticism is highly appreciated. It is more than a commentary—it is a most acceptable 
supplement. 

The idea of using cement filling between stern tube flange and bulkhead is a good one, but has the 
disadvantage of liability to cracking away by the shoring and wedging employed when withdrawing tail 
shaft for examination. 

The reference to effect of filling after peak tank on shafting alignment is welcomed ; the author 
recalls the case of a vessel which broke the tail shaft coupling bolts for pastime. This vessel was engaged 
in trade between the West Coast of South America and Australia, running cargoes one way and returning 
in ballast. After breaking several sets of bolts, the vessel returned to this country, and a special survey 
of shafting was held. In light condition, all coupling bolts were drawn and the shafting found true. The 

vessel was then ballasted, and the tail shaft coupling opened one-sixteenth of an inch at top. The after 
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peak capacity was 270 tons, hence the trouble. ‘The matter was put right by structural alterations to the after 
peak. The contentions regarding waste steam pipes, particularly regarding use of steel, are concurred in. 

The clearance at bottom of open tail pipe of an amount equal to the diameter of tail pipe is 
considered excessive. One half, the diameter is sufficient, with a minimum of about 1} in. ‘Two 
fingers” is a good practical guide for minimum. 

The reference to the fitting of universal joints is particularly welcome, as also is the endorsement of 
author's remarks on efficacy of hydraulic testing as a criterion for the acceptance of a pipe. A case in 
point is that of an air cooler which satisfactorily withstood a test of 2,000 lbs. per square inch, and yet 
some of the tubes were wasted to paper thickness. 

Mr. Sutherst’s point regarding machined seating plates has been dealt with in reply to Mr. Laing. 
I can assure him that machining before fitting to position is well worth while. Of course, accurate 
construction beneath the seating plate is necessary. In a particular case the author has in mind 
of a twin-screw Diesel job of nearly double the power mentioned by Mr. Sutherst, the fitting of chocks 
took only a week. The builders concerned adopted the machined seating plate to secure accuracy, and 
have found, in practice, that the costs were not increased, due to the lesser chipping and filing of chocks 
requisite. 

The remarks on securing of Yarrow boilers are welcomed. 

Mr. Minchin refers to the practice of stern tube being fitted into the post with a slight taper. The 
lack of precision attainable is a disadvantage of this method ; a few thousandths on diameter means a 
measurable amount in fore and aft “draw.” A definite conical end is a better job. 

In regard to testing of shafting alignment, there is much to be said for Mr. Minchin’s idea that all 
chocking and bolting be finished before the check ; but, in view of the amount of work to be done 
—bolting, &c.—after the test, and the fact that the surveyor should always be definitely assisting with 
the job, it is thought desirable to do all tests at the earliest possible moment ; this may be safely taken 
as the period given. I do except, however, the coupling in crank shaft, which will not be passed until 
final checking of chocks and holding down bolts. 

The practice of trying a template of soleplate into position and making any corrections on closing 
length of shafting is to be recommended as reducing risks of cutting out rivets toa minimum. Having 
been trained where such system was employed, I must apologise for omitting to mention it in the paper. 

I am pleased to have Mr. Minchin’s endorsement on the subject of “annealed tubes.” The term is 
a most misleading one, as the degree of annealing is only sufficient to ensure safe transport from the tube 
works to destination. 

I note the whole-hearted support Mr. Minchin gives on the subject of sea trials. A curious position 
would arise were a surveyor to report satisfactory completion of a job to the Committee, and then find 
that, owing to a defect developed on the trial trip, the owner refuses to take delivery of the vessel. He 
might have a defendable position in the case if a small duplicate steam reciprocating job which had 
really lashed away at full revolutions for 4 to 6 hours alongside. There are not, however, many berths 
where such a test is possible. 


INSPECTION OF MATERIALS IN THE 
PRAGUE DISTRICT. 


By P. KERTSCHER. 


READ ON FEBRUARY, 3RD 1932. 


To begin with, I must ask for the indulgence of the members of the Association, as I am afraid 
there will not be much of general interest to say about an inland district with comparatively few great 
steel and engineering works. I shall, therefore, touch upon a few subjects only, and should be glad if my 
modest remarks would induce the members to add some other facts and aspects, and some details of their 
own experience in the discussion, and thus to improve upon the Paper. 


SECTION I—WORKS IN THE DISTRICT. 


A short description of the type of work carried out in this district may first be of interest. 


Important work is carried on in the steel and engineering works in the Prague district, which 
include a world famous ex-Austrian armament firm and several smaller works, 


As an indication of the facilities of these works it may be mentioned that one foundry alone hag a 
capacity of 170,000 tons of molten steel annually, and handles ingots weighing up to 105 tons. There is 
also a forge having a 10,000 ton hydraulic press, mainly used for the compression of large ingots with 
a view to obtaining greater homogeneity. Screw shafts for large cruisers have recently been made, each 
shaft being about 76 ft. long. Gearing is cut on the Maag system and the teeth ground to shape with 
an exactitude of 0°000118 ins. (0°003 mm.). 


Hulls of river steamers, also marine and land boilers, steam engines, aircraft and aero-engines, 
gas engines, vertical two-stroke oil engines (up to 360 h.p.) and horizontal four-stroke oil engines (up to 
9,700 h.p.), water turbines, motor vehicles, hydraulic machinery, locomotives, electrical equipment, ordnance 
and ammunition of all kinds are included in the programmes of these works. 


One steel foundry has a variety of open hearth furnaces, two of these being gas tired (20 and 15 tons 
capacity), one five ton Heroult electric furnace, and one five ton furnace with waste tar oil firing. 


The same furnaces in which steel is melted are also used for producing malleable cast iron. The 
two charges are melted alternatively, 7.¢., the steel charge is followed by the malleable cast iron charge 
and wice versa. It may be mentioned that no Swedish charcoal pig iron is used, but only local raw 
materials obtained from ordinary coke fired blast furnaces. 


Another firm, who specialise in high quality steels, produced 30 years ago a chrome tungsten high 
speed steel alloyed with vanadium, and in the last few years have developed cobalt steels for high speed 
work, also stainless, acid-proof and fire-resisting steels, crankshafts for motor cars and aero engines, 
turbine blades, valves, rifle barrels, non-magnetic steel coil binding rings and manganese hard steel. 


One manufacturer produces large quantities (up to 185,000 tons) of seamless steel tubes up to two 
feet diameter, including seamless receivers, superheater elements, tubes for cycles, aircraft, masts, etc. 


Another steel works played the leading part in the development of the Kaplan Type Water Turbine, 
the runner of which is a four or five bladed adjustable impeller, the pitch being variable whilst the 
turbine is running under full load. 


This type of turbine is employed for high outputs, especially when a comparatively low head is 
available. One advantage is the ease of adjustment with regard to fluctuating heads and quantities of 
water. Many problems, including that of cavitation, had to be overcome during its development. 
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One plant in use consists of four sets of these turbines with a maximum output of 38,700 h.p. each 
running at 75 r.p.m. and with 88 ft. head. The five bladed impeller is nearly 23 ft. diameter and is 
adjustable to any required pitch. 


SECTION II—GENERAL REMARKS. 


When an order has been received I am furnished by the works with a copy of the order, so that I can 
ask for any further information, if necessary, and prepare the test sheets, and so that I know from the very 
beginning in what stage of manufacture every forging or casting will be at any given time without regard 
to whether it has already been placed before me for marking the test pieces or not. 


As a rule a test piece is taken from each end of each forging or casting of about 24 tons or more. 
The forging and test pieces taken from it are marked with the same number, and the two ends are 
distinguished by the letters “a” and “b.” The end of forging and the test piece designated “a” always 
corresponds to the bottom of the ingot of which the forging has been made, the letter “‘b” indicating the 
the top of ingot. Every test piece is stamped on metallic spots previously chipped off, and a note is made 
in the test sheets as to whether the private stamp and test number must appear on the end face of the test 
piece, or at a right angle or another angle to the axis of the test piece, so as to distinguish whether the test 
piece has been really cut in the required longitudinal, tangential or radial direction. In order to prevent 
any exchanging the tensile test pieces are marked with three, and the bend test pieces with two, private 
stamps surrounding the test number. 


Some firms require the broken test pieces to be forwarded for examination, and specify that the 
fracture must show a uniform silky appearance free from granular black or brilliant specks. Material 
which has complied with the other stipulations of the specification will not be rejected because of unsatis- 
fees fracture, but the fracture will nevertheless be considered as an indication of the general qualities 
of the steel. 


In connection with divers specifications, I should like to point out the differences in the practice 
of various works and countries especially regarding the definition and establishment of the elastic limit in 
tension. One of the leading works in this country strictly conforms with the regulations of the Brussels 
Convention of 1906 and designates as elastic limit the load per unit of area that causes a permanent elon- 
gation of 0-001 % of the gauge length, which, when employing test pieces of 10mm. dia. and 100 mm. 
gauge length, corresponds to a permanent elongation of 0°001 mm. (0:00004 ins.) as shown on Fig. 1. 
But many works consider the value of 0°001 % as far too small, maintaining that the stresses can only 
be determined with an accuracy of 0°01 %, and therefore, have chosen a permanent elongation of 0°02 or 
0°08 % for fixing the elastic limit. Some works are taking for steel the elastic limit as identical with 
the yield point, assuming that, in the normalised or annealed condition, steel is practically elastic for 
stresses below the yield point. 


The limit of proportionality is usually taken as the load per unit of area at which a departure from 
the linearity in the stress-strain relation can be established, as shown on Fig. 1. 


No difference of opinion is likely to arise with regard to the yield point, which according to general 
practice, is the load per unit of area at which a distinctly visible increase occurs in the distance between 
gauge points on the test piece, observed by using dividers ; or at which, when the load is increased at a 
moderately fast rate, there is a distinct drop of the testing machine lever, or, in hydraulic machines, of the 
gauge finger. Some materials, however, have no distinct yield point as defined above, such as steels at 
high temperatures, and for such conditions the yield point is usually taken as the load per unit of area 
at which a specified increase, usually between the limits of from 0°2 to 0°5% of the gauge length is 
observed by using dividers, the test piece being measured in the unstressed condition and not whilst the 
test piece is actually under load. One of the firms referred to above takes 0°3 % increase as the value for 
fixing the yield point in cases such as this. In order to determine the permanent elongation corresponding 
to the actual yield point of normal material, I carried out a number of tests by increasing the load of 
the test piece just until the arrest of the test finger indicated the actual yield point of the material, 
whereupon the test piece was at once unloaded and measured in the unstressed condition. The results 
are not very uniform, as can be seen from Table 1, but that depends mainly upon the more or less 
instantaneous interruption of the load. 
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TABLE 1. 
73 Sia i | 
Lakin Ricnotsn. | Permanent Elong. at 
ee | Yield Point | Tensile 5 X dia. Red. of | Yield Point. 
Strength 75 mm, Area. <), of parallel 
ries 5 fs mm, length (90 mm.). 
pesca hs el « _|__ke/mm?. |__ke/mm?. |e [> Bee 
| 
19 a long. 35°1 594 26°7 50 «| ~—Ss(0"84 0°378 
| | 
20 a long. 34-5 60°6 27:3 53:8 1422 1°55 
| 20 b rad. 35°1 57°7 26°0 462 | O78 | 0-865 
22 a rad. 36°8 577 23°3 80°5 0°31 0°345 
| eee eet, | ee ee : i | 
| average 0°7386 % 
1 


For the study of contemporary technical periodicals of different countries, it is useful to have a means 
of comparing the results of test: pieces of different gauge lengths. From a consideration of the elongation 
obtained with any gauge length, it will be found that it is composed of two constituents, a uniform 
elongation before any marked reduction of area is detectable, and an elongation due to a local reduction 
of area. The first mentioned part of the elongation is directly proportional to the gauge length, and, if 
expressed as a percentage of the original gauge length, is practically constant for any gauge length of test 
pieces taken from the same material. The absolute elongation due to a local contraction is practically 
constant for the same material and the same diameter, but, if expressed as a percentage of the original 
gauge length, it is greater for a test piece with a short gauge length and vice versa. 


The conditions could be expressed as follows :— 


Elong. ¥ = 100 x elong. before contr. , 100 x elong. due to contr. 
i a original gauge length original gauge length 


constant ¢, (1) 


= constant c; + original gange length’'” 


Assuming for example the constant c, = 100 x 0'275 d (where d = diameter of test piece) for a 
contraction of 830%, we get : 


(a) British Standard Test Piece 0°564 in. dia. 
100 x 0°275d 


Klong. % = ce, + ob a = 0, + 7°75 
(b) German Standard Test Piece 10 x dia. 
Elong. vA = Cc, + 100 x _0°275 d =c, + 2°75 


10d 


That means that for the assumed contraction the total elongation obtained with the British Standard 
Test Piece is 5% greater than that measured on the German Standard Gauge Length. If there is no 
contraction and therefore no elongation due to the reduction of area, the percentage of the total elongation 
is practically the same for any gauge length. 
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A prominent member of one of the large steel works in this district, carried out a great number of 
systematic measurements during a number of years and, quite apart from the theoretical consideration as 
given above, determined the proportion of the different elongations for various gauge lengths by an 
empirical method. In order to make the results available in a comprehensible and convenient form he 
devised a kind of comparing slide rule from which at once the corresponding elongation for any gauge 
length can be taken if the elongation for one gauge length and the contraction is known. It is not 
Sgueee to reproduce that slide rule here, and therefore I am giving the results in a somewhat simpler 
orm in Fig. 2. Fora certain contraction the difference of elongation can be found by following the curve 
of contraction between the gauge lengths contemplated. Also if the contraction is not known it is possible 
to uve Fig. 2 by setting out from the given elongation and gauge length and following the curve of con- 
traction passing through or nearest to that point; as for common steels it can be taken as an approximation 
that elongation and contraction are correlated within very near limits, and that the curves as drawn will 
nag "Sea to the given elongation. The last approximation applies, however, for longitudinal 

ts only. 


From Fig. 2 I have determined the constant c, of formula (1) approximately as follows :— 


TABLE 2. 


Contr. °,. 0 10 20 30 40 50 60 70 80 | 
were 0 | 0-085 | 0-180 | 0-280 | 0-390 | 0-520 | 0-660 | 0-800 | 1-060 


| 


The various British Standard Test Pieces have no perfectly constant proportion of diameter and 
gauge length, as shown on Table 3. On Fig. 2 the proportions of the 0°564 in. test piece have been taken 
as representative for the British Standard Test Piece. 


TABLE 3. 
DIAMETER. GAUGE LENGTH. 
0°564 in. 2 in. = 8°55 x dia. = 4 x v Area 
| 
0°798 in. 3 in. = 8°76 x dia. = 4°23 x V Area 
0°977 in. 34 in. = 3°58 x dia. = 4°04 x V Area 


2 Se EE Eee EEE ee 


I have to point out that Fig. 2 can be used for iron and steel and such materials only which behave 
like iron and steel under the tensile test. It applies for unannealed, annealed and hardened steels, but 
for austenitic steels, however, it will give a rough approximation only. 


CRANKSHAFTS, 


A system of marking all forgings and castings for identification is especially essential for the super- 
vision of the manufacture of large built-up and semi-built crankshafts. When marking the test pieces 
each individual part is marked on metallic surfaces with my private stamp which must be retained 
throughout the manufacture and transferred to other spots before being turned off, if necessary. By this 
means only, it is ala to keep a perfect control over the various pieces until the crankshaft is assembled, 
for there might be at the workshop, parts of crankshafts of similar dimensions, but of different quality, 
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and if it so happened for example that a workman in the night-shift took a cut too much off a journal or 
crank pin, he might substitute it by another one intended to have a slightly smaller diameter, the 
material of which might perhaps be of quite another quality. One works here has a separate forging 
number for every part which is stamped, and this together with the surveyor’s mark must be retained or 
simultaneously transferred. 


The compulsory transferring of stamps for identification also provides a good opportunity of 
examining every part at the different stages of manufacture in order to prevent any welding or patching ; 
and the metallic surface of the stamp ensures that no subsequent heat treatment has been carried out 
without the surveyor’s knowledge. The transfer of stamps, the nature of each examination and the date 
of inspection of the different parts is noted on the test sheets by a simple system of signs ; and the private 
stamp used is impressed on the back side of the fee slip so that it is easy to check which particular shape 
of private stamp the piece must bear. 


Before the journals and crankpins are shrunk-in, the shrinkage surfaces are carefully examined in 
finished condition, as well as the bore of the crankwebs, and the surveyor’s stamp added on the face as an 
indication of approval. 


When the crankshaft is assembled the works provide me with a sketch of the crankshaft showing the 
respective positions of the various parts, their forging numbers and test numbers, so that the position of 
each single part of the finished crankshaft can be easily identified. Moreover, each journal, web and 
crankpin is stamped with forging number and the surveyor’s stamp. 


The cranks of semi-built crankshafts are usually annealed after forging, and when the rough 
machining has been completed they are raised to a temperature of about 550 to 600 degrees Cent. to 
remove internal stresses set up by the machining operation, and to obtain so far as possible a uniform 
structure throughout the forging, as a great amount of material has been taken away after the first 
annealing. Some firms even normalize these cranks after the rough machining process, which is to be 
preferred, though it is somewhat more expensive on account of the greater heat consumption and duration 
of the process. 


Such a subsequent treatment is very important as the webs will be heated to about 200 to 300 
degrees Cent. during the shrinkage operation, and if not so treated are apt to distort and thus to annul the 
care taken to have the holes true in line and of the greatest possible accuracy. 


A number of such cranks are usually forged in one piece, and the test extensions taken from both 
ends of the forging must be detached before the rough machining is completed. These test extensions 
are therefore marked for identification and similarly and simultaneously treated. If thought necessary, 
small check test extensions can be left on each crank. 


Sometimes, in the case of such cranks or whole solid forged crankshafts,'it is specified that test 
pieces are to be taken from one or more of the slabs which are removed from between the crank arms in 
forming the crank pin, and to cut the test pieces in three directions which are mutually at right angles, 
ie., longitudinally, tangentially, and radially. These slabs must be cut out at the beginning of the 
machining operation. If the shaft is to be oil hardened or another special treatment be applied, it is 
difficult on the occasional attendance system to obtain proof as to whether the test extensions have also 
been simultaneously and similarly treated. specially in such cases, where it is possible to alter the 
properties of the material to a great extent, I am in the habit of taking additional check test pieces off 
the ends of the crankshaft, which must not be detached before the heat treatment has been completed. 


Some firms specify a very high figure of elongation for cast steel crank webs, for instance not less 
than 34 to 38 % ona gauge length of 4x ¥V Area for a corresponding tensile strength of 50 to 45 kg./mm? 
(32 to 28°6 tons per sq. in.). This is attained usually by a higher manganese content and a special heat 
treatment (air hardening). The mean elongation of the 12 crank webs of one crankshaft was 37°6 %, the 
results ranging between 34°0 and 40°8 %. 


Once I had to reject a number of cast steel crank webs on account of porous material in way of the 
holes, probably due to a damp core, as with a view to obtaining a reliable shrinkage grip I could not 
approve of having these defects repaired, though a chipping out showed that these faults were only of a 
superficial nature. 
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Cast steel crank webs of finished crankshafts are usually covered with a plastic material in order to 
give the rough surface of the casting a good finish, but this appears to be an unnecessary practice with even 
eterimental effects, as during my service on board of Diesel motor vessels I have experienced parts of 
this cover having scaled off and caused trouble in the circulating oil system. Some firms are machining 
cast steel crank webs all over, which is certainly the better, though more expensive method. 


It sometime happens that the ultimate tensile strength of forgings is a small amount higher than 
specified, but usually this is not objected to if the corresponding elongation is well above the prescribed 
figure. Coupling bolts I prefer to have of a slightly higher tensile strength than the crankshaft itself, as 
otherwise they become deformed during service and are difficult to get out when the couplings have 
to be disconnected at a later date, especially under the limited space conditions obtaining on board. 


A crankshaft delivered to Japan showed a small clearance at the junction between journal and web 
on both sides of some of the dowel pins, the greatest amount of which is shown in Fig. 3. The dowel 
pins in question have a diameter of 40 mm. (1,% in.), the taper is 5-4 % and the press way 50 mm. (13}in.), 
respectively, the dowel is 0°27 mm. (0-0106 in.) larger in diameter than the hole. By the term “ press way” 
is meant that portion of the axial length of the dowel pin (or hole) for which pressure is required to drive 
the (tapered) dowel home. As the taper is known, the length of “press way” gives at once the theoretical 
enlargement of the hole, by which amount the radial pressure of the dowel can be calculated. Some firms 
require the dowels to be filed off on the sides bearing outward and inward against web and journal in order to 

revent any wedging action between these parts. but other works prefer dowels of full circular section. The 
fifersists between diameter of dowel and hole is greater than usual, and it appears that the correspond- 
ingly higher tangential stresses around the dowel pin caused the local clearance. Objections were raised 
in Japan on this account, but as no weakness of the crankshaft was to be found during and after the 
engine trials, it was eventually accepted. For a consideration of the importance of such a clearance the 
stresses set up around the dowel pin can be calculated by the following formule (*) the results of which 
are in good agreement with results obtained by the Lamé equations :— 


(a) Wes (assumed as a thick ring): 
q m—1 r;? m-+1 rr? 1 


2,2 
a = PD . oat SL: (3) 
(b) JouRNaL Pin: 
o¢_m-1 r m+1_ r,?r? 1 
a m r—r?°* m 


for z =r, (hollow journal) : 
2 2 


: yy > 
7? Ps + ES ergs he Poe ee eee eee sere) (6) 


for z = r, (hollow journal) : 


rT, 
tr — 


rZ — 1; 
for z =r, and r, = 0 (solid journal) : 


‘ rE o 
SoA aa ate danshaospaattandan (7) 


(*) See Reference at end of Paper. 


where * = o, = tangential stress (kg./em’.) 
, 
_ = =o,’ = tangential pressure (kg./cm’.) 

4, —-¢/ = = specific alteration of length (per unit of length) 

\ = total elongation 
| = total length 
: = E = modulus of elasticity (kg./em*.) 
Pi = p, = radial pressure at the junction of journal and web 

r, = external radius. 
r, = internal radius. 


~ = radius of the layer (ring) for which the stress is being computed. 
When inserting the figures of the crankshaft in question in the formule (3) and (8) we get :— 


Wes (taking z =r; for the inner surface of the web) : 


22°6 pee ul 
= pp (07; a — aoe + 18 Zs ae) = 208 DF 
JOURNAL PIN (1; = 0 andz=r,): 
1 
moe Gar me oes wha gare caCuMeaee coerced eater ees aenaer ser sc = 0°7 pi 7) 
The theoretical shrinkage allowance was 0:0583 cm. on 45:2 cm. diameter (or 0°00129 in. per inch 


diameter), and is composed of the enlargement of the diameter of the hole in the web and the diminution 
of the diameter of the journal due to the shrinkage operation :— 


1 

€, + «, = 2°76 p, Fy = 07001290... eeeeeeeesees 100;% 
1 

«, = 2°06 p, E= UlO00 Oui ai aseeanenes 746 
1 

g=07 p FE = 9000828 wssseeeeeeeseee 254 % 


With the aid of the formle (8) and (8) the tangential stress around the dowel pin can be calculated 
as follows :— 


JOURNAL AND WEB (considered as solid and r, = external radius taken as the greatest 
possible ring of material around the dowel pin) : 


2? 2 x 29°57 1 
= (07 257 — + 1°3 32°57 — oi Ps a)e= = 1316 RAF ‘ 
Dowe. Pin (2 =r, and r, = 0): 
1 
& =O07 RF 
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With a taper of 54% and a press way of 50 mm. the dowel pin was 0°027 mm. greater in diameter 
than the corresponding diameter of the hole (0°00675 in. per inch diameter), this difference being 
similarly composed of the enlargement of the hole and the compression of the dowel pin : 


1 
€, + ©) = 2°016 py fy = 0°00675........04. 100 ¥ 
1 
€ = 1316 p, B= M0041... 65°3 % 
1 
«= O07 Py fy = 0700234... eee 84:7 % 


The stresses are now as follows :— 
Radial pressure p, = p, between journal and web : 
e E  0°00962 x 2050000 


Tangential stresses t; around the dowel pin : 


z= 2 cm.......t;’ = = = 1°316 p,’ = 9050 kg.[em*. = 57°5 tons per sq. in. 
a 


and for different layers (considered as rings around the dowel pin), according to formula (3) : 


b= © BiCM-2 ee: t,’ = 4000 kg./com’. = 25:4 tons per sq. in. 
Wat 4 em..s.-. t;’ = 2250" ,, SG iy rs 
Z= 5 CMe t'=1440 , = 915 , 4 
Z=_ 8 om reas Oe ee = 
i migt 1 O/OWicad. sod t,' =, 860 ai =32°3 es 
G 22°) Cl. .nc0v0 $)/ = OOF > — ety tee 5 


In Fig. 4, the distribution of the stresses at the shrinkage connection on each side of the dowel pin 
is shown by a curve. The radial pressure p=p, between journal and web tends to keep the shrinkage 
surfaces together, whereas the tangential stress t,' around the dowel pin tends to produce a clearance, 
especially at point “A” where the stress is a maximum. 


The calculations are made under the assumption that the material is perfectly elastic and isotrop, 
which cannot be maintained in practice; besides, there are surface deformations owing to unevenness and 
other factors, which have not been taken into account, as it is only intended to show the general 
tendencies of the stresses around the dowel to open up such clearances as reported above. Near the inner 
surface of the dowel hole, where the stresses are highest, elastic failure will take place and lower the stresses 
accordingly, and the layers at a greater radius will be compelled to bear a higher stress than theoretically 
computed. 

One works with which I am well acquainted, in spite of the fact that such clearances have actually 
occurred, favour the opinion that under general conditions only dowel pins with a still longer press way 
have such an effect, and to prove this assertion, carried out tests with dowel pins having a press way of 
65 mm. and 63 mm. respectively ; and, it must be admitted, no clearance ensued in these cases. 

The dowels had full circular section (without being filed off on the sides bearing outward and 
inward) of 40 mm. diameter, and with a taper of 1 : 200, as shown on Fig. 5. 


The results obtained are as stated in the Tables 4 and 5. 
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TABLE 4. 

Press | Difference of Radial | Combined | Axial gouteceis | Friction | Coptioient 
has reer ea see ris Zin Genta _ of a 
mm. mm. kg.[om?. kgfom’. | _kg.fem’. mm. kg. om’. Pi ua 

0 0:000 0 0 0 135 0 _— 

5 9025 633 1190 192 140 14 F 070221 ; 
15 0°075 1900 3570 538 150 36 0°0189 
25 0-125 3180 ; 5950 1110 x 160 69 0°0217 
35 07175 4430 8300 1820 170 107 0-024 
45 0°225 5680 “10650 : 2690 180 ’ 150 0-064 
55 0°275 6980 13100 i 3355 , 190 177 0°0254 p 
65 0°325 8250 15500 4220 as 200 211 070256 

TABLE 5. 
Press | Difference of| Radial | Combined | Axial Saviosin. | Friction | CosMicient 

A ke et g ae ree Gavtard 7; rua oe 
mm. | mm | ikg fom | __ kg fem’. kg. Jom’. mm. kg. fom’. DP 

0 0°000 0 0 0 135 0 — 

5 | 0°025 633 1190 192 140 14 0°0221 
15 0°075 1900 3570 1055 150 70 + 00368 
25 ‘ 0-125 3180 5950 1730 160 ‘ 108 0°0340 
35 07175 4430 8300 2300 170 135 ~ 0-0805 
45 0°225 5680 10650 2975 180 165 0°0291 
55 0°275 6980 7. 13100 ad 3940 190 207 0°0297 
63 0°315 7780 14600 iz 4900 198 247 00817 
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In Tables 4 and 5, and Fig. 5, is:— 

8 = press way (in mm.). 

p; = radial pressure of the dowel (in kg./cm’.), calculated according to the formule (3) and (8). 

1 = length of the dowel pin (in mm.) which is already in contact with the surface of thie hole. 

p = axial pressure (in kg/cm?.) necessary to drive the dowel in, given as specific pressure per sq. cm. 
on the end face of the dowel. 

1, = axial resistance of the almost cylindrical surface (in kg/em’.), which, when the wedging action 
of the dowel is neglected, can be taken approximately as the friction, whereby it must be 
stated that dowel and hole had previously been sufficiently greased. 

,' =combined stress calculated by means of the strain energy theory equation f,?= p,? + t?4 
0°6 p,’ t' as given by Mr. 8. F. Dorey “. 


For the calculation the material has been assumed elastic, though it will be noted that the combined 
stress f,' reaches the yield point of the material already when the press way is about 10 mm., and that 
consequently the deformation must be partly unelastic. If an elastic breakdown takes place, the stresses 
at the surface of the hole and also the radial pressure p,’ will decrease, and therefore it must be concluded 
that the coefficient of friction is higher than calculated. When drawing out the dowel pins, a tension 
was necessary for a way of about 30 mm. before the dowels got loose, which proves that on about half the 
press way elastic deformations prevailed. 

It is interesting to note that the high compressive stress p, which according to Table 5 reaches a 
maximum of 4900 kg/cm’. (31°1 tons per sq. in.), causes comparatively small deformations, as the highest 
stress is attained when only a small part of the dowel pin is still projecting. 

One crankshaft was returned from Japan on account of a clearance between journal and web, 
determined by means of a feeler of 0°05 mm. (0°002 in.) thickness on a length of about 200 mm. (8 ins.) of 
the circumference (diameter of crankshaft 450 mm.), with a maximum depth of about 1 mm. (4 in.), as 
shown on Fig. 6. The defective part was cut off and trepanned from the web, and it could be seen by the 
colour of the surface that the clearance had been of about the extension as measured before, and that the 
other area had been in metallic contact. 

The crankshaft was repaired by replacing the journals of the part cut off, as seen on Fig. 6. It will 
be admitted that the machining of a crankshaft, the one half of which is completety finished and the other 
half rough machined, is a very difficult task owing to the small tolerances specified for the alignment, and, 
when the repaired crankshaft was almost finished machined, it was found that the axis of the shrunk-in 

in of the new end journal was about 2°2 mm. (0°087 in.) eccentric (Fig. 6). On account of remonstrances 
faitip made to the works the firm made the following alternative proposals : 


(1) To accept the crankshaft in spite of the eccentricity, as the journal itself could be truly 
aligned, 
(2) To heat crank No. 8131 and thus to correct the centre line, 

(3) To trepan journal No. 888, enlarge the bore and fit a new end journal, 


but at the request of the purchasers representative both journals Nos. 888 and 921 were eventually 
renewed. 

Being associated with the supervision of the manufacture of forgings and castings in an inland 
district, very few reports are received as to failures of such parts, and I should be much interested in any 
such details which some of the members of the Association would most probably be able to give. I have 
served on board of new Diesel motor vessels only, and no trouble was experienced with the principal parts, 
but I have been told that Diesel engine crankshafts after a service of more than five years are apt to show 
some cracks especially around the fillets of the journals. 


ToRSIONAL TEST WITH A FULL-SIZE CRANKSHAFT. 


In order to obtain the coefficient of friction for the shrinkage connection employed, a preliminary 
ressing-off test was carried out with a single crank web. The scantlings of web and pin are shown in 
ig. 7a and 78, in which are also stated the dimensions of hole and pin before and after the web had 

been shrunk on the pin. For the latter purpose four holes had been previously bored through the web, 
where four gauges could be inserted. 

The results of the measurements are as given in Table 6. 


(*) See References at end of Paper. 
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TABLE 6. 
Measured | Measured Theoretical 
Difference | Difference | Measured | Difference 
Measured | of Dimen-| given in Di ference ja, Computed 
DESIGNATION. Dimensions | sions after| Inches ah I, of by 
(average). | Shrinking] per Inch | Shrinkage | pouations 


onof Web.| Diameter, | Allowance. | (9) to (8). 


mm. mm. 


Diameter of hole before shrinking on ... | 452°2150 
0°3825 | 0°000847 654 % 74:6 % 
Diameter of shrinkage connection ... | 452°5975 


| 0:2025 | 0:000448 | 346% | 254% 
Diameter of pin before shrinking in ... | 452°8000 


Total 0°5850 | 0°001295 100 % 100 % 
Total vertical height of web :— 
before shrinking on “i C08 1209°97 
0°38 
after shrinking on... aoe an 1210°35 | 


Horizontal outside dimension of web :— 
before shrinking on és ie 86118 


0°38 0°304 mm. 


after shrinking on... 


According to the actual measurements the share of web and pin in the total shrinkage allowance 
differs to some extent from the theoretical value, but it must be stated that the temperatures of the 
forgings during the different measurements were not recorded. The influence of the temperature will be 
realized when it is considered that the discrepancy between the measured and the theoretical value 
corresponds to a difference of the temperature of the forgings of only 10 deg. Cent. 


It appears from Table 6 that nearly the whole enlargement of the hole is elastically transferred to the 
outer boundaries of the web, whilst theoretically a deformation of only 0°304 mm. would be obtained in 
the horizontal direction. 

The shrinkage allowance was 1°295%. Using the formule (8) and (8), we obtain a radial pressure 


pi = 960 kg./cm*.= 6°09 tons per sq. in. 


The cylindrical surface of the shrinkage connection is 
Br a x Abe 2 = SOSUCM ec nckrcenns cans (9). 


The total pressure between pin and web is 
P = Fp, = 3980 x 960 = 3820000 kg. = 3820 (metric) t..........0604 (10). 
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The pressure required to thrust the pin out of the web can be taken from the curve Fig. 8. as 
recorded by an Amsler apparatus. The bore of the cylinder of the hydraulic press is 1000 mm., and 
consequently 1 kg./cm’. of the diagram corresponds to 7854 kg. = 7°854 (metric) tons at the ram. There- 
from the coefficient of friction has been calculated as given in Table 7 :— 


TABLE 7. 

Position Length Area of Proisutein Total Force {Total Radial) Coefficient 
BA all rpee Oondition of Friction. Gina Press i ig kit of Friction 

Fig. 8. already. Contact. Cylinder. t (metric). | t (metric). =P 
Es Te ee er erring fea De oe eer ee 

1 0 Starting to move 3980 80 629 3820 0°165 

2 23 Uniform movement 3660 54 424 3510 07121 

3 95 Surface injured 2630 76 597 2520 0°237 


Messrs. Mailiinder and Schleip (*) obtained test results of » = 0°25 at the beginning of movement, 
which value is considerably higher than the corresponding figure of 0°165 as determined above. 

Then torsional tests on a complete full size crankshaft were carried out. The dimensions of the 
crankshaft are given in Fig. 9, the measurements of the diameters of the shrinkage surfaces before and 
after test in Table 8. 


TABLE 8. 
BEFORE THE TEST. AFTER THE TEST. 
WEB a oe 
ao Hole Pin Shrinkage Hole Pin pias cag Mean remaining 
Diameter. | Diameter. Allowance. Diameter. | Diameter. arawiti Deformation of Hole. 
g. 
mm. mm. mm. | % dia. mm. mm. kg. cm’. mm. Yodia. 
( 899°91 | 400°55 : 4 400°00 ys ae ; fr 
T {39998 | 400585] 060 | 15 400°11 0130, OSES 
400°00 | 400°56 . B 400°06 400°50 ? i 
It 400°00 | 400°54 La a 40004 | 400-48 P0501 188 
ll Se eae 055 «| 1875 hose S 650 | O-160 | 0-400 
45197 | 452-42 P . 451-99 oe : F rite 
IV } rane ange O47 | 104 “ee 555 | (0055 | (0-128 


Originally webs Nos. I, II and IV only were fitted with dowel pins, whereas the dowel pins in 
web No. III were not fitted until after the first series of torsional tests had been carried out. The 
dimensions of the dowel pins before and after test are given in Table 9. 


(*) See References at end of Paper. 
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TABLE 9. 


Boe eee aise ee eee eee tar Sg INEES SEY OT BIE) 


BEFORE THE TEST. 
Oe Ee E——Eee 


yee 


Diameter of Dowel Pins at 


Web Length Taper ah = a ee ae a Epatierre Press 
No. Dowel. of of Outer End. Inner End. Dave the Wa 
Dowel. Dowel. ne marehan: i 
Max. Min. Max. Min. 
c mm. ~~ mm. mm. mm. mm. kg.[cm’. mm. 
1 a 200 1 : 200 40°85 40°85 39°88 39°88 220 65 
I b 200 1 : 200 40°90 40°90 39°97 39°97 255 65 
Il a 200 1 : 200 40°045 39°85 39°0385 38°58 30 25 
Il b 200 1 : 200 40°075 39°82 39°095 38°62 35 25 
Ill a 160 3°15 : 160 58°60 58°60 55°45 55°45 175 40 
il b 160 3°2 : 160 58°70 58°70 55°50 55°50 190 40 
IV a 200 1 : 200 40°18 S991 89°21 38°83 140 50 
1V b 200 1 : 200 40°21 39°87 39°22 38°76 110 50 
AFTER THE TEST. 
Diameter of Dowel Pins at 
* Clearance 
sa Dowel. REMARKS. Outer End. Inner End. 8 
, we (See Fig. 9). 
Max. Min. Max. Min. 
<n mim. mm. mm. mn. mm. 
I : Dowel pins could not be \ rs . a vi O15 
drawn out. “ay 
I b = = an 
If a 39°97 39°41 39°03 38°73 
O13 
1 b 40°12 39°72 39°00 38°64 
Ill a 5861 57°83 55°58 54°27 
0°25 
Ill b 58°71 57°83 55°43 54°37 
IV a 40°28 39°91 39°24 88°94 
0°20 
lV b 40°20 39°73 39°26 88°75 
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Results of tensile tests carried out with the material of the crankshaft in question are shown in 
Table 10 (one example also on Fig. 1). 


TABLE 10. 
zs ee 1 | T ri 
Elastic Limit . Red. Modulus Designati 
Limit of = oe | Tensile. eT | of ts) way ay 
(0:001°/.). | Proport. | ona a | Area. Elasticity. | Test. 
— i] | | 
kg. om’. kg. om’. | kg.fom’. kg.[em?. | % he | kg.fem?. 
9°5 12°5 | 22-9 466 | 182 30°8 | 2082000 | Radial in eye of web. 
| ; 
75 14-0 25°9 46°3 11°8 | 15°8 2044000 “- in pin. 
8-0 16°0 22°9 47°6 24°1 33°7 2000000 Tang. in eye. 
73 20°0 25°9 46°6 16°4 15°3 2047000 - in pin. 
80 14°3 24°4 48°3 25°5 40°7 2080000 Long. in eye. 
82 13°0 24°9 45°8 23°6 49°9 2067000 * in pin. 
81 15°0 24°5 46°9 | 19°9 30°9 2053000 Average. 
| 


The arrangements for the torsional test were as shown in Figs. 10a, B and c. To both flanged ends 
of the crankshaft, solid levers were attached. One end of the lever H, was loaded with the weight Q, the 
other end of the lever could be pulled by a crane in the same direction of turning in order to increase the 
torque. The pull of the crane could be measured by means of a crane weighing-machine. The lever H, 
was fastened at one end by grappling-irons, and the other end solidly supported. The length of each arm 
of the lever was a = 2550 mm. In order not to lift the crankshaft out of the bearings a maximal 
torsional moment of M,,,. = 2 a Q could be applied. 


At the beginning of the test the weight Q was balanced by a similar pull of the crane at the same 
end of the lever, and the pull lessened little by little until the full weight Q was acting on the lever, 
corresponding to a torsional moment of M=aQ. Then the crane hook was shifted to the other end of 
the same lever and the pull of the crane gradually increased until the torsional moment reached a 
maximum of about M,,., = 2 4 Q. 
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The torsional moment applied, the resulting twist of the crankshaft, and the load under which the 
journal pins began to move in the shrinkage connection are shown in Table 11. 


TABLE 11. 


{ 
| DEFLECTION OF THE CONTROL SCRATCHES ACROSS JUNCTION | 
| 
| 


| Relative Angle oF SHRINKAGE CONNECTION, IN MM. 
Total Distortion of : 
Torsional Angle Remain- = 
Moment between ing No. I Web. No. II Web, No. III Web. No IV Web. 
applied. Points Deform- 


A and B. ation. | . ora ae oe | ee , 
Outside. | Inside. | Outside.| Inside. | Outside.| Inside. | Outside.| Inside. 


kg.M. 

0 0 
13000 ‘ 48" 
25850 8' 56" 
89100 14’ 39” 
51750 19’ 34" 
65500 94591 
69200 26' 52" 


84600 35' 05" | 
89700 42’ 55" | 115 | 0°75 
59000 41’ 57" 

0 17' 48" | 5! 55" 

0 0 


66000 29' 038" | | | | 
76200 39’ 50” | | | 

89900 43/ 08" | | | 
94200 46’ 10" 


99200 53’ 28” 0°2 Ol 

104500 54’ 00” poe eta 0°05 0°3 0-2 Or4. 0°35 Or2 OL 
109400 | 1° 0% 2” | O15 0°10 0°6 0° 0°5 0°40 0°25 0°2 
114500 | 1° 5! 57” | 0°80 0°20 07 0°6 0°6 0°50 0°50 0°45 
119700 | 1° 16’ 17" 0°50 0°30 0°80 O75 0°8 0°70 0°60 0°50 
124700 | 1° 26’ 48” 0°70 0°40 110 0°90 12 1:00 0°70 0°55 
130000 | 1° 36’ 24” 0°90 0°55 115 1:00 1°3 1:20 0°70 0°55 


97900 | 1° 84' 15” 
66000 | 1° 24’ 20" 
88800 | 1° 9! 0” 

0 58’ 58” 


The first of the shrinkage connections which began to get loose was that of No. III web, with a 
shrinkage allowance of 1°375 thousandth of an inch per inch diameter, the only one of the four shrinkage 
connections which was not fitted with dowel pins. When the torsional moment reached a value of 
89,700 kg.M., there occurred a shifting of the control scratches previously made across the junction of 
journal and web, amounting to 1:15 mm. at the outside and 0°75 mm. at the inside of the crank. After 
each successive alteration of the load, these scratches were carefully checked by means of magnifying 
glasses fitted with a scale for the measurement of very small distances. The other three shrinkage 
connections showed no signs of weakness, 
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To enable the tests to be proceeded with, No. III web was now fitted with dowel pins, the dimensions of 
which are given on lable 9. After that, the tests were continued, again beginning with small loads. 

The first movement in the shrinkage connection then happened again with No. ILI web, but this 
time a higher torque of 99.200 kg.M. was necessary to cause a smailer detlection of 0°2 mm. and 0°1 mm. 
respectively. After a load of 104,500 kg.M. had been applied, all the four connections showed a deflection. 

Taking the smallest section of the crankshaft as 400 mm. diameter, the corresponding torsional 
stresses of the crankshaft are :— 


at 89,700 kg.M. (My=7 pd! 1)..+-sssseeeoees 1=7'14 kg. per mm.?=10,300 lbs. per sq. in. 


at 94,200 kg.M. t=7'5 kg. per mm.’=10,810 lbs. per sq. in. 
which values are still above the maximum torsional stresses given by Mr. 8. F. Dorey (?) for double 
acting Diesel engines. 

If No. IV web is excluded on account of the greater diameter of the pin, a comparison shows that 
the connection No. I with a shrinkage allowance of 0°0015 in. per inch diameter and dowel pins of full 
circular section gave the best results. 

After the test the dowel pins were drawn out and the dimensions checked, as stated on Table 9. At last 
the crankshaft was dismounted in order to obtain the permanent set of the webs, which is given in Table 8. 

For a rough verification of the coefficient of friction as obtained in Table 7, the webs Nos. III and 
1V were submitted to pressing-off tests, but only until the first movement took place. The results are 
given in Table 12. 


TABLE 12. 
Total . Total . 
Hydraulic! Force | Cylindrical Surface |Shtimkage) |. | | Radiat | Coefficient 

Web Conditions of Pressure | Available of Shrinkage en SP ig Pressure tation 
No. Friction. in 4b Connection bid oh ReF T 
Cylinder. tons F = dh. bi anaptar Pi- tons p=S 

(netric) | : (metric). P 

kg.[cm?. | cm’. kg.[om?. 
III | Starting to move 65 | 511 pr x 40 x 29=3645) 1°375 1106 4040 07126 
| 
is | } = 
[V | Starting to move 555 437 x 45°2 x 29=4120) 1°04 771 3180 0°137 


The coefficient of friction obtained by these tests is lower than the value of 0°165 determined in 
Table 7 under similar conditions. 

The journal pins were trepanned and therefore their permanent set could not be obtained, only after 
the pressing-off test two measurements across the projecting part of journal No. [1] could be taken before 
the pin was trepanned, but practically there was found no Siference: 

During the first series of torsional tests No. III web was not fitted with dowel pins, and therefore, 
it is possible to compare the results of this test with the pressing-off tests. The external dimensions of 
web No. III are almost similar to those of the web shown on Fig. 7, but the diameter of the bore of 
No. ILI web is 400 mm. instead of 452 mm. as in the web used for the pressing-off test only. The 
shrinkage allowance of web No. IIT. was 0001375 in. per inch diameter, and the corresponding radial 
pressure p, = 1106 kg./cm.*. 

The area of the cylindrical surface of the shrinkage connection is 

F=-n x 40 x 29 = 3645 cm.’, 
the total radial pressure 
P=F x p,= 3645 x 1106 = 4040 tons (metric). 

The first shifting of the journal pin in the web No. III occurred with a torque of 89,700 kgm, 

which corresponds to a total tangential force of friction of 


lb oe De 448,000 kg. = 448 tons (metric). 
The coetticient of friction is then 
lH 448 
= ss _ =)’ 
eal waaay 7 fmkilcin 


(*) See References at end of Paper. 
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This value of the coefficient of friction is still lower than the figures obtained by the pressing-off 
tests, but this could be explained by the fact that in case of the pressing-off test the direction of movement 
was across the circumferential grooves remaining from the machining operation of both pin and bore, 
whereas under the torsional test the movement occurred along these minute grooves. 


Rotors aNnD SHart Forcincs ror STEAM AND ELeEctTricaL MACHINERY. 


The manufacture of sound steel forgings, suitable for use in the revolving parts of high-speed 
electrical and steam machinery, and subjected to mechanical stresses due to centrifugal force, is a com- 
paratively difficult and responsible work and, therefore, a number of special tests have to be complied with. 

Tensile test pieces are taken longitudinally, tangentially and radially, sometimes also off the trepanned 
core. but by certain firms, especially on the Continent, most consideration is being given to the results of 
radial test pieces trepanned from the central body of the shaft forging. The latter te-ts usually 
give very low figur:s of elongation and contraction, which is accentuated the nearer to the centre of the 
forging the radial test pieces are trepanned. 

Owing to variations in the chemical composition of large ingots and the different conditions obtaining 
during annealing and subsequent cooling down, comparatively great differences in the physical properties 
are met with, as for example shown by the test results of a forged steel shaft, 154 tons rough machined 
weight, 334 ins. diameter, 23 ft. 8 ins. in length, Table 13. 


TABLE 18. 
| Yield Point | Tensile Elong. | Red of 
Designation of Test Pieces. | tons per tons per 4x JA Area. 
sq. in. sq. in. ie) “ 
LonGirupmnau TEs, journal, corresponding to top 
of ingot as are apd cab sess 26°1 41:2 28:0 45°1 
LoneitupinaL Test, journal, corresponding to 
bottom of ingot ase AY se as 245. | 41:2 280 | 44:0 
TANGENTIAL Test, end of rotor body corresponding | 
to top of ingot... Ss rat pean ..| 246 | 400 | 280 | 44:0 
RapraL Test. end of rotor body corresponding to | | 
top of ingot... 6% 408 “60 onc 24°5 400 | 28:0 36°4 
| | 85 mm. 
Core Test, corresponding to top of ingot... oe eae 8 43°7 28:5 | 406 
Corr Trst, middle... Bf Hr fe Sop 21-0 39°7 OOS peel 40°6 
Core TEST, corresponding to bottom of ingot... 21°8 88°0 | ~ =. 88°0 49°5 


As a rule the tensile tenacity of the core at the end corresponding with the top of the ingot is higher 
than that of a corresponding test piece taken at a certain distance from the circumference, whereas at the 
part of the forging corresponding to the bottom of the ingot the proportion is just in the reverse order, 7.¢. 
the outer layers there have a higher tensile strength than the core. The core test from the top usually 
gives considerably higher yield point and tensile tenacity than the core test taken from the end 
corresponding to the bottom of the ingot. 

Most firms specify that the coupling end of the shafts shall correspond to the bottom of the ingot. 

In order to obtain the best possible physical conditions the forgings as a rule are submitted to a very 
careful heat treatment. It is usually required to normalize the forging before it becomes cold after 
forging. Some firms specify that all ingots of 30 in. diameter and over shall be removed hot from the 
mould and not allowed to cool off until after forging and first annealing. Then the shaft is to be rough 
machined. If the diameter of the longitudinal hole through the forging is sufficiently large, the core is 
trepanned at that stage of manufacture, and the bore and surface of the core carefully examined for 
defects. After rough machining, the forging is again normalized. As the core will be representative 
of the final condition of the interior of the forging, it is replaced in the bore of the forging, and the end 
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passages sealed during any subsequent heat treatinent of the forging. Such shafts are usually heat- 
treated, suspended in a vertical position, and a simple device is commonly used, consisting of a ball 
suspended by a material, the melting point of which corresponds to the specified temperature, to indicate 
by the noise of the dropping ball that the interior of the forging has reached the required temperature. 
Then the rough machining will be completed, and the bore, which may have distorted to a slight 
degree by the thermal treatment, will be given a very smooth finish for inspection by means of mirror, 
lamp and telescope. 

Some firms require a full size bend test of the total length of the core being carried out under the 
press, so that the core takes the form of an arc of a circle, with a view to scrutinizing the outer surface for 
cracks and other defects, whereupon the core is straightened again, turned 90 degrees round and the 
bending consecutively repeated until the whole surface of the core is thus tested and examined. 

In case of forgings of intricate shape, as for instance H.P. shaft forgings of steam turbines, with a 
number of discs cut out of the solid shaft, which will be subjected to a high steam temperature, and where 
it is likely that internal stresses have been set up when machining, and the conditions after the first 
annealing have been altered by taking away a great amount of excess material, the forging is finally 
raised to a temperature of 400 degrees Cent. after the rough machining has been completed. Though 
it is understood that test pieces are not to be detached before the heat treatment has been completed, this 
latter process of bringing unhardened steel forgings to such a low temperature is commonly not considered 
as a heat treatinent in that sense. Also in case of hardened forgings it is not objectionable so long as 
this temperature is well below the tempering temperature. Of course, a good control of the temperature 
applied is very important. With some experience, the temperature to which the machined forging had 
been raised can, to a certain degree, be judged subsequently by the colour and the surface condition of 
the forging. 

The most frequent causes of rejection seem to be cracks in way of the bore, ingot corner segregations, 
sand spots and blow-holes, 

For inspection purposes and sulphur print examination, some rotors are required to be smooth 
machined on the journals, and on the extreme end faces of the shaft ; further, the cylindrical surface at 
each end of the rotor body, and the end faces of the body to a radial distance of about 3 ins. from the 
outside circumference are similarly machined with a view to discovering whether there is any serious 
ingot corner segregation. If such segregations coincide with the longitudinal slots to be cut out later on, 
fs case of shaft forgings for electrical machinery, some firms generally do not object to the use of such 

orgings. 
ies With regard to taking sulphur prints, I am quoting the instructions of a leading Company, as 
ollows :— 
“No special preparation of the smooth machined surface is required, but the surface must be 
clean, and if necessary, oil or grease should be removed with benzene and clean rag. Suitably 
sized pieces of photographic bromide or gaslight paper are soaked for three or four minutes in a 
3 % solution of sulphuric acid (H, SO,) in water ; any surplus acid is then shaken or gently wiped 
off and the prints are placed on the surfaces to be examined, sensitive side of the paper in contact 
with the metal. Each print should be quickly placed in position, gently pressed or wiped with a 
rag wetted with acid, so as to expel air bubbles and ensure good contact, and then left without 
moving for about five minutes. On removing the prints it will be found generally that they are 
fairly uniformly mottled all over with a large number of brown marks, but when a (pomnecc of 
non-metallic impurities exist in the forging the corresponding portion of the print will be marked 
more heavily than elsewhere. 
In this process there is no need to keep the photographic paper away from the light, but the 
prints when taken should be fixed in hypo in the ordinary way, otherwise they will continue to stain. 
So far as field disc forgings are concerned the sulphur print method of inspection is of 
particular value in the detection of piping and of ingot corner segregation ; piping being confined 
to the prints on the extreme end faces and the latter defect showing generally as lines of segregation 
onithe prints from one or both ends of the rotor body.” 


For shaft forgings subjected to high mechanical stresses some firms require the end faces of the rotor 
body, especially that corresponding to the top of the ingot, to be tested magnetically for cracks. For that 
purpose the whole of the end faces of the body, and for a distance of about 12 ins. also the parallel portion 
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of the shaft adjacent to the body are very smooth machined, but preferably not ground. The forging is 
then magnetized by means of a coil placed around the journal of the forging, and alcohol or petroleum 
with a fine powder of magnetic iron oxides (Fe, O;) in uniform suspension is poured along the smooth 
surface in an evenly distributed flow, whereby the finest hair cracks become visible as black lines, even 
such which could not be detected by means of magnifying-glasses, 

For a rotor forging of 154 tons rough machined weight, as mentioned in connection with Table 13, 
with 88 ins. (857 mm.) external diameter and 3 ins. (76 mm.) diameter of the bore, the stresses caused 
by centrifugal force at a speed of 1,500 revs. per minute are as follows (") :— 

Tangential stress : 
€ wf 1 1h otely aa 3 1 1 
ss AG +3) [oe+n (is-94 - \ el +3) | (59) SVs oTeWaWs Rhee Hed des owe (11) 


a mi 
where y = specific gravity in kg/cm’. 
g = coefficient of terrestrial acceleration (= 981 cm.) 
27n : ; : : 
v= = circumferential velocity per second at a radius of 1 cm. 


n = revolutions per minute. 
r, = external radius in em, 
r, = internal radius (bore) in cm. 


i ‘ 1 
m = Poisson’s ratio = : 


vV,=or 
z = radius of the layer for which the stress is computed. 
If the diameter of the bore is small in comparison with the external diameter, the formula (11) can 


be simplified with a slight approximation and we get the following formule :— 
For z = r, (circumference) : 


Cte MAPBL WAbdhiis sunctivevaee pes os oceans (12) 
im g 
CU 0018O (at. 1000 ee na Peay ve i 
mia: 581 ( 50 ) = 620 kg.jom.” = 0°4 tons per sq. in. 
For z = 1% (bore) : 
pe MESURE CWA", Seosak Bin MieRascaee ence o! (18) 
a g 


® — 293 kg./cm.? = 19 tons per sq. in. 
a 
For z = ry, = 0 (without bore) : 
ee Dnt os eds, cal ea carnccs & (14) 
a g 


* = 108 kg./em.? = 0°65 tons per sq. in. 
a 


It will be noted that the internal stress is increased by boring a longitudinal hole through the forging, 
but these stresses are of a comparatively low order. The main purpose of boring a longitudinal hole is to 
make sure that there is no piping in the interior of the forging, and the necessity of a close examination 
of the bore will be appreciated by contemplating the defect of a side connecting rod as shown on Figs. 
114 and B which show hollow piping, revealed while drilling a hole through the centre of the rod for the 
paasnite of lubricating oil. The extent of the defect is about 18 ins. starting at approximately two feet 
rom the big end of the rod. 


(*) See References at end of Paper 
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For field disc forgings and similar shafts for electrical machinery it is also required that the magnetic 
pemseera shall not be less than specified, which is usually checked by means of Képsel’s apparatus or 
y the B—H testing apparatus. 


Segregations of sulphur, phosphorus and carbon, generally known as “ ghost lines,” visible especially 
in smooth machined condition as a series of slight shadowy lines across the surface, has to a certain extent 
no perceptibly detrimental effect so far as the usual tensile and bend tests are concerned ; such material 
may even have a higher ultimate tensile strength than the material without “ghost lines,” but, in any 
case, it is not so uniform as it should be. and therefore may be a cause of objection, especially when these 
lines are accompanied by sand spots which, to judge from my observations, is often the case. 


Check tests on a hollow journal (coupling end, corresponding to the bottom of ingot) of a L.P. turbine 
rotor rejected by the engineers on account of “ ghost lines” showed the fullowing results : 


TABLE 14. 
Yield lcm ors 
Location of test pieces. Dia. Point Tensile. 4x YA of 
( 50 mm. Area 


| mm. kg./mm.” kg/mm? me %, 

External surface te: er: 14°3 84°2 551 350 55°8 
ma oe . ei. Merete 143 31°8 53°9 35:0 568 
‘. “ eae hg 143 32°4 54D 35-0 55°8 
Halfway between via eda 14:3 32°4 53°5 340 54°9 
Internal surface Fs ae 14°3 33°0 53°2 36°0 55°8 
= ar oF es 14:3 29°9 52°9 36°0 56°8 

rr 7 He ree 14°3 30°5 52°6 36°0 56°8 


Though some of the test pieces were partly interspersed with “ghost lines,” there was nod marked 
influence to be detected. The tendency of the results is in agreement with the statement in connection 
with Table 13 that at the end corresponding to the bottom of the ingot the interior has usually a lower 
tensile strength than the external layers. 


WELDING WITH LiquID STEEL. 


According to the Rules the material of stern posts, propeller posts, rudders, and other ship forgings 
which are to be welded, if made by the open-hearth process, must be of specially soft quality steel with a 
tensile breaking strength between the limits of 22 and 26 tons per sq. in. 


Such specially soft open-hearth steel is usually not produced by the steel works on the Continent, 
and in order to be able to use steel of the normal quality of 28 to 32 tons per sq. in. for the manufacture of 
forgings which owing to their shape must be welded, one of the marie works in this district have 
developed a special system of welding by means of liquid steel. 


As indicated by Fig. 12, a mould is formed around the ends which are to be welded, and liquid steel 
of similar quality poured through the mould until the ends of the forgings are thoroughly heated and 
partly melted off. When the ends are considered to be sufficiently heated, the outlet (a) is closed and the 
material allowed to solidify in the mould. 


After cooling down in the mould the header is cut off, the welding forged over if by any means 
possible, and the whole forging normalized and machined in way of the weld. 
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It is not intended to use this method for stern frames made in one piece, as contraction stresses would 
occur in such cases, but for such pieces only where both ends are free at the welding operation, and the 
extension caused by the reforging of the weld can be allowed for beforehand (Fig. 13). 

This method has been used also for the repair of local cavities or other defects in the case of compact 
steel castings, followed by annealing, as it is considered to be the most reliable, though most expensive 
method of welding. 

In order to prove the quality of such welds, tests were carried out in such a manner that three 
billets were weliek together by liquid steel, the whole forging with the two welds forged down to 250 mm. 
square, and subsequently annealed at 880 degrees Cent. Test pieces were cut from the forging as shown 
on Fig. 14, the results of which were as follows :— 


TABLE 15. 
Bs aie Diameter. Gauge Length. Tensile. Ri TRUE oes Se ba Bend Test. 
i mm. mi. kg.[mm’. ys kg. mn.[em* 
1 20°3 76 50°7 31°6 16°1 | 180° 
1 20°3 76 50°7 30°3 10°4 | 180° 
2 20°3 76 519 24°4 10°7 Broken at 90° due 
to local defect. 
8 20°3 76 50°4 32°9 9°2 180° 


The analysis of the charge from which the billets were made showed the following figures :— 
C—0:24 Mn—0°67 Si—0°22 P—0:033 S—0-081 
and the analysis of the charge used for the welding operation :— 
C—0:24 Mn—0°70 Si—0°38 P—0°017 S—0:019. 


ETEEL CASTINGS. 


For an effective supervision of the manufacture of steel castings on the occasional attendance system 
it is necessary to receive a copy of the order as soon as possible after it has been placed, so that the casting 
may be followed through all important stages of manufacture from the very beginning. So far as 
possible I have a look at it when moulding and casting, and make an examination when it has been 
cleaned of sand, on removal from the pit, and before any chipping. hammering or otherwise removing of 
surplus metal, brackets, or unevenness in surface has been performed. The headers are to be removed by 
oe not by burning off, in order to reveal any piping which may continue into the the casting. 

hen the test pieces are marked, the casting is stamped for identification with test number and my 
private stamp on a metallic spot previously chipped off, to prevent any subsequent heat treatment being 
carried out without my knowledge. 

I have been informed that in the United Kingdom steel castings are sometimes “ pickled” for 
removal of scale, and then freed of acid by approved methods. So far as I am aware this is not done on 
the Continent, and in order to make sure that no cracks are concealed, I have the fillets of webs and 
brackets, and other spots where cracks are likely to occur, ground for a more effective examination. If 
there is still some doubt, an etching with a solution of ‘‘Calium-Jodine” or Potassium Iodide (KJ) and 
Iodine (J) in water in a proportion of 120:100:1000 parts by weight is a comparatively easy and effective 
means to make any cracks visible. The surface must be ground and polished, and cleaned with alcohol, 
and then continuously wetted with the solution for about ten minutes by means of a wadding pad, whereby 
cracks, segregations and weldings will become visible. Mr. Norman KE. Woldman (‘) gives the following 
composition for Iodine solution ; 1°2 grams J plus 1:2 grams KJ plus 1-2 cc, H,O plus 97 ce. alcohol. 


(*) See References at end of Paper. 
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The shrinkage of steel castings makes it necessary that some amount of steel must be poured after- 
wards, and for that purpose charcoal powder is sometimes placed on the headers in order to keep the 
metal longer fiuid by the higher carbon content. Consequently, when the casting is subsequently 
machined, there are ecinetinie hand spots in way of the headers, perceptible by dark lines and short 
cuttings. An analysis of these spots and the other parts of the casting a the following difference : 


Analysis of the charge of the casting :— 

C—0°32 Mn—0'73 Si—0°'45 P—0°031 S—0°027 
Analysis of the cuttings off the hard spots :— 

C—0°62 Mn—0°73 Si—0-48 P—0°035 S—0'034 


When the second pouring is delayed, the solidifying process may have progressed so far already that 
the liquid metal then added will not fill up all the piping already developed, and though the surface may 
have a perfectly sound appearance when the actions are cut off, piping is sometimes detected when 
machining the casting. 


From my experience cast steel propellers, especially those of nickel steel, seem to be a very difficult 
kind of castings, and though the blades are usually rimmed by a bulb section to prevent contraction 
cracks, I have not seen any propeller on which at least some small repairs owing to superficial sand 
inclusions and unevenness had not to be carried out. Great care must be taken to scrutinize the roots of 
the blades in order to make sure that there are no cracks, and it is advisable to have these parts at least 
ground, if not etched. A generous header must be provided for, as otherwise piping and segregations and 
also radial hair cracks are likely to occur in the boss at the top of the casting. 


ANCHORS. 


The number of anchors ordered from works in Czecho-Slovakia is usually not so high as to render the 
installation of anchor testing machines an economical proposition, and therefore, anchors are tested by 
direct load. 


The procedure in testing is the same as with an anchor testing machine, the only difference being 
that the tis is attached to a crane hook, and the strain applied to the arms by means of direct load, 
usually consisting of a number of ingots previously weighed an having an aggregate weight corresponding 
to the required proof strain. 


The heaviest anchor I have tested by this way was 141 cwt. (7,150 kg.), and the proof strain 
8155 tons (83,000 kg.). 
SEAMLESS STEEL TUBES. 


With regard to the instructions to have the external surfaces at each end of solid drawn steel tubes 
polished for more effective examination for a length of from two to three inches unless the tubes are 
electro-zinced before final inspection at maker’s works, this will certainly add to the efficiency of the 
examination by giving a good impression of the era qualities of the tube, though makers are inclined 
to object against these regulations on account of higher costs and a greater percentage of rejections, not 
only on account of real defects revealed, but also by decrease of thickness caused by the polishing process, 
and are charging extra for all orders where the ends of the tubes require to be polished. Every tube mill 
has its own merits and deficiencies, and some tubes will show decidedly local defects. The presence of 
scale sometimes prevents the possibility of these defects being seen, but even if the ends are polished, 
I think I should not feel quite sure as to whether there might still not be some concealed defects. 


The surface of cold finished tubes in the “as drawn” condition is usually perfectly clean, as if 
polished, and if the examination is carried out at that stage of manufacture, followed by a second inspection 
after annealing, it appears that the extra grinding of the ends might perhaps be dispensed with in such 
cases. 
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A few months ago a number of solid drawn steel steam pipes of from 64 ins. to 9 ins. internal 
diameter were placed before me, which on examination had a perfectly smooth and sound appearance, 
but were covered with a slight layer of scale. The external surface of these tubes had to be electro- 
zinced and, therefore, pickled for removal of scale. I requested the makers to have the tubes pickled 
before my carrying out the inspection, and after that had been done, I found a number of severe defects 
both on the external and internal surface, on account of which 20 % of the pipes had to be at once 
rejected. The principal examination is carried out after the tubes are electro-zinced. 


SEAMLESS AIR RECEIVERS. 


Seamless air receivers are presented in rolling lengths for the marking of test pieces, examining the 
external and internal surface, and checking the dimensions. At the same time the length for each 
individual receiver is stamped in the middle of its length on a metallic spot for identification with private 
stamp and test number, which must be retained until the receiver is finished. 


Few failures are met with by using receivers flanged at both ends, but receivers with one end closed 
in are likely to show some cavities, usually in the middle of the closed-in bottom, which are difficult to 
detect by the usual method of inspection and testing by hydraulic pressure. Such receivers will generally 
withstand the hydraulic test without any sign of weakness, but are apt to fail after some years of service 
when the material has deteriorated to some extent. 


Following a number of failures of hydrogen bottles, a firm in Berlin carried out a series of x-ray 
examinations of the bottom of such receivers (*), which gave very interesting results as to the nature and 
frequency of such defects. For works manufacturing such steel bottles on a large scale it has been 
recommended to include the regular x-ray examination of all receivers in the normal testing programme, 
and it is claimed that the total costs of each x-ray examination would be below Reichsmark 3°50 (3/6 
at par), which costs would be compensated for by an increased safety, and by helping the makers to 
develop the best methods of manufacture to avoid the occurrence of such defects. 
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DISCUSSION ON Mr. P. KERTSCHER’S PAPER 
ON 


INSPECTION OF MATERIALS IN THE PRAGUE 
DISTRICT. 


Dr. 8. F. Dorey. 


Mr. Kertscher has mentioned the differences of opinion regarding the elastic limit. Personally, I 
think too much attention is given to the elastic limit. In any case its value as primarily determined is 
only of academic interest, and the same remark might be made of the limit of proportionality. In all 
cases it is essential to know the fatigue limit corresponding to the stresses which the material will be 
subjected to in service and to base factors of safety on this limit, ignoring the elastic limit. The yield 
point is of more importance than the elastic limit. 

It is only necessary to observe the results tabulated in Table 10, columns 1, 2 and 8, to realise the 
futility of assessing strength from the results given in columns 1 and 2. In any case it is absurd to 
suggest a standard permanent elongation which gives a value for the clastic limit appreciably less than 
that obtained for the limit of proportionality. A further illustration might be made when considering 
elastic hysteresis. After undergoing a few hundred cycles of stress it is found that on removal of the 
stress there remains a hysteresis strain, its value depending on the range of stress previously undergone. 
In the case of mild steel, if put through cycles of alternating torsional stress of say +9 tons per sq. in., 
a stress within the primitive elastic limit. an hysteresis strain remains over, equivalent to a stress of about 
1°5 tons per sq. in., which is not appreciably altered by a period of rest, but can be removed by placing 
the test piece in boiling water for one hour. The stress-strain curve for the cycle is a closed loop, and at 
this stress the steel may said to be elastic. It will be found, however, that there is no limit of 
proportionality, the alteration in the condition of the material manifesting itself by a change in relation- 
ship between static shear stress and strain. 

Attention might be drawn to the usefulness of the curves of Fig. 2. 

Mr. Kertscher’s information regarding crankshaft shrinkages is a useful addition to available data. 
Attention might be drawn, however, to the percentage shrinkage allowance given in Table 8, which 
should be divided by ten. It is interesting to observe that with shrinkage allowance of 1°375 thousands 
of an inch per inch diameter the maximum combined stress employing Haigh’s strain energy theory is 
22 kes. per square mm., a value slightly less than the yield point given in Table 10. In experiments of 
this nature it is essential that the shrinkage surfaces should be made as smooth as possible, and record 
made of their finished condition. 

On page 18 mention has been made of the magnetic test for indicating the presence of cracks. A 
similar method has been applied to turbine blading, and is most simple and effective. 

The question has been raised at the foot of page 22 regarding the most suitable time for the 
inspection of tubes. It is appreciated that an effective examination can be made on cold finished tubes 
after the last draw, and preferably immediately after pickling. The difficulty is, of course, being able to 
ensure that the surveyor is on the spot, so that progress in manufacture will not be interfered with and 
other work held up. When the tubes are finished, a few days delay for inspection is less inconvenient 
than a delay before completion. It is not anticipated that there would be any noticeable decrease in 
thickness of tubes due to polishing the ends, particularly if sand blasting is employed. 


Mr. C. W. Resp. 


Only one thing this evening has marred the excellence of Mr. Kertscher’s paper and that is the 
absence of the author himself. 

It is a most interesting paper and one that brings a new point of view into many old and vexed 
questions, and which should prove especially to be of considerable assistance to those newly engaged on 
steel testing duties, 
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The author’s experiments with dowel pins and regarding shrinkage in crankshafts are very praise- 
worthy attempts to get at the root of this matter. In this connection it may be of interest to give some 
figures which my father, J. W. Reed, once gave me and which he had found from long experience to be 
good average working allowances for shrinkage :— 

1:4 thousandths of inch per inch diameter for crankshafts. 
; -. 7 x, Fe gear wheels on shafts. 
4 oa % Fy gear wheel shrouds. 

The first figure agrees very well with the author’s 1-5 thousandths of inch (not 1°5 per cent. as given, 
evidently in error, in Table 8) for crankshafts. 

The elongation curves (Fig. 2) should prove to be useful, although I have found the following 
formule invaluable when it has been necessary to compare the elongation on test pieces of 5 or 10 
diameters with our standard 34 diameters. 

If z is the elongation on 34 diameters (standard test piece) and 
x is the elongation on 10 diameters and 
y the elongation on 5 diameters, then 


(1) If the standard elongation is given, 


y=z-3 
Zz—Od 
i, a ale 
(2) If elongation on 10 diameters is given, 
2=115x+5 


=115x +2, 

With regard to the magnetic tests masta’ on page 18, I am not very clear as to the principle on 
which the cracks show up—it would be of interest if the author could explain this. 

The author is not very partial to the ends of seamless tubes being polished, but my experience, when 
this was first brought into practice, is that, whilst of course not being infallible, polished ends are of great 
assistance in detecting minute cracks and defects running along the tube and not otherwise showing 
through the thin scale. 

As regards the rejection for thickness (or rather thinness) of tubes on account of this polishing, I 
may say that only a very, very small percentage are rejected for this cause and then only when attempts 
have been made to remove the defects, shown up by the polishing, by further and too much grinding. It 
is agreed that if the examination of cold finished tubes could be made immediately when drawn, polishing 
of the ends would not be so necessary, but it is obviously impossible carefully to examine each tube 
immediately after drawing unless continuously on the spot night and day, and even then not without 
seriously slowing down production. 

Galvanising also clearly shows up many otherwise hidden defects in tubes, but this cannot be carried 
out unless specified. 

The author mentions that x-ray examinations of seamless air receivers are very cheap and efficacious. 
It is probably now well known that in America several firms, with the approval of the Naval Bureau, 
carry out x-ray examinations of the welded longitudinal joints of large high pressure water tube boiler 
drums, and it is claimed that the saving in cost over that of seamless or riveted drums of this size soon 
pays for the somewhat expensive x-ray apparatus required. 

Experiments in the same direction are also being carried out in this country and it will be interesting 
to know the results in due course. 


Mr. L. H. F. Youne. 


The ener opens with a regret that Prague, being an inland town, with few steel and engineering 
works in the district, there may be little of general interest to impart. 

But, from the variety of work turned out, it would appear that the scope of the manufacturer is as 
wide asin many another industrial centre. 

In his general remarks the author gives the generally adopted interpretation by the steel makers of 
the critical points in the characteristic curves of material. It is evident that a certain amount of 
confusion exists, as in many other places, regarding the definitions of elastic limit and yield point. His 
statement about the latter is fairly well accepted universally, and, putting it in other words, the yield 
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point may be taken as the point at which the structure of the material completely breaks down. The 
elastic limit might be termed the point at which this process begins, while the limit of proportionality 
could be made to read the point below which the modulus of elasticity for the material holds good. Is 
the author in agreement with this interpretation ? 

It is gratifying to see that the author realises that there is an advantage to be gained by using 
coupling bolts of a slightly higher tensile strength than the couplings in which they fit. 

A good deal might be said on this point. Some coupling bolts, such for instance as those in a 
crankshaft, serve essentially to transmit torque, and are in shear, together with a certain amount of 
tension sufficient to keep the flanges close. On the other hand, coupling bolts in tunnel shafting perform 
a double function in transmitting the torque, and also the pull when going astern. These conditions are 
not ideal, and a compromise really has to be effected between the efficiences of the two duties. This may 
not be of much account in tunnel shafting, but other cases could be quoted where it has led to failure. 
A good example of this is the type of first reduction wheel in a double reduction gear where the two 
helices are bolted together. 

For satisfactory working the two helices must be kept rigidly connected axially and also 
circumferentially. These conditions have failed in a number of cases, and it has generally been found 
that the coupling bolts have been stretched and become loose in the holes. This should serve to give 
emphasis to the necessity of special attention being given to the material of coupling bolts for certain 
purposes. 

Fig. 2 supplies some very useful information that might, with advantage, be embodied in many 
handbooks. Sometimes it occurs that the gauge length of the test piece has inadvertently, or for some 
other reason, not been made in accordance with the specification. It is in such cases handy to have a 
curve as shown, or a table to refer to, giving approximately equivalent results for varying gauge lengths. 

The author’s investigation into the nature of stresses set up in a crankweb in the region of the 
crankpin is certainly interesting, but he realises that the calculations are made on certain assumptions. 
The chief value of such work seems to be in indicating the type of experiments that might be carried 
out to determine the effect of fitting dowel pins, rather than in attempting to show the actual stresses 
that might exist in the web. It must be remembered that the calculations in the paper are for crank- 
shafts at rest. When the engine is working, external forces are impressed on the crank, and it is feasible 
to expect that the imposed stresses might completely alter the existing state of stress. 

The author will no doubt agree that the study of this particular question is still a long way from 
reaching finality. 

Mr. A. Ewine. 

On page 2, paragraph 5, Mr. Kertscher draws attention to the very loose use of the term “limit 
of elasticity.” 

One authority defines it as the stress necessary to give permanent elongation of ‘001 per cent. 
Others define it as the stress necessary to give ‘01 to ‘03 per cent. permanent elongation. These are 
merely points in a curve and the more delicate the measuring instruments, the lower we can go on the 
curve. 

Perfectly annealed material which has never been stressed will take permanent elongation under very 
low stress. If we plotted a curve of stresses necessary to give permanent sets from *001 up to yield point 
and expressed the curve in the form of an equation, verted our material was perfectly annealed aid had 
never been stressed in any way after annealing we would probably find that the theoretical elastic limit 
was zero. 

We need not be alarmed at this, for the deformation at low stresses would be infinitesimal and when 
once stress has been applied, the elastic limit rises to that stress and the specimen is perfectly elastic 
within that limit. The actual elastic limit of a specimen is an indication of the state of the material 
rather than of the quality. 

Generally speaking it is with the yield point that we are more concerned. In symetrical parts such 
as shafts, the fact that an infinitesimal permanent set is produced is of no consequence, for the shaft will 
still run true. 

In complex structures such as crank shafts a very small permanent set taken by one member is 
multiplied in the next and the deformation may be appreciable on the shaft as a whole. 

It might be argued that this accounts for the fact that a shaft which has been in service is never 
found perfectly true when tested in the lathe, but it is also a fact that it requires very careful adjustment 
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of struts between the webs to make a new shaft run true. A good turner will make a very indifferent 
shaft appear true. 

The test of the crank shaft described on pages 10 to 16 is very interesting. It is noted that the first 
web to move had no dowel. This supports the general practice of fitting these. 

There have been many defects attributed to the fitting of dowels. There is no doubt that they have 
been known to produce local distortion in the webs and journals. 

It is sometimes argued that when the shaft is in service the local stresses set up by dowels produce 
deformation and throw the shaft out of truth. 

There is, however, a very strong argument in their favour. Many ships have weathered storms and 
made port depending on their dowels after the shrink fit had failed. The perfect shrink fit is ideal but 
the dowel is a good insurance policy. 

I join with the other members in expressing appreciation of the work Mr. Kertscher has put into his 
paper and thanking him for this addition to the proceedings of our association. 


THE PRESIDENT. 


The paper presented by Mr. Kertscher dealing as it does with the very varied types of testing carried 
out in Czecho-Slovakia is of more than usual interest and the hints and suggestions as to the methods and 
difficulties encountered should prove of great value to all engaged in similar work. My own experience 
has not lain in that direction, but there are one or two points mentioned on which a little further inform- 
ation would be welcome. 

' Recently I was interested in the problem of the percentage elongation which might be expected 
from test pieces of different forms and dimensions and found the data available on this question to be 
very meagre. 

The curves given in Fig. 2 were consequently very welcome, but I do not know if I have interpreted 
them properly. It would be helpful, for instance, if the author would state the extension which might be 
expected from a test piece similar to standard test piece A, given in the Rules, but having a smaller gauge 
length, say four inches. 

He might also say how far these curves agree with the requirements of the Rules that an elongation 
of 25 per cent. on test piece B corresponds with an elongation of 30 per cent. on test piece C. 

Ts it possible to compare the extensions obtained from test pieces of different forms ?. 

On page 20 a method of welding a forging by means of liquid steel is described which seems to me to 
be very similar to the thermit welding process sometimes adopted for the repair of broken sternframes 
although in the former case the facilities for subsequent annealing are very much greater. In its early 
days thermit welding was not looked upon with special favour but more recent experience seems to show 
that if properly carried out the resultant weld should be quite sound. 

It is unfortunate that Mr. Kertscher is so far away as to preclude his attendance at the meeting, but 
our secretary will convey to him the assurance of our deep appreciation of his paper and the hope that, in 
due course, we will have the pleasure of including a further paper from him in our transactions. 


Mr. Cnas. Porter. 


In his paper on the “Inspection of Materials in the Prague District,” Mr. Kertscher has given us 
many interesting examples of the various practices employed in the manufacture of forgings and castings, 
etc., and the method adopted for checking and numbering, is, with a few exceptions, the same as is carried 
out in the Clyde district. The numbering of each finished forging is essential for future reference, and 
this is done by stamping the test number on each forging. 

The author on page 17 deals with the manufacture of important forgings for high-speed work and it 
is evident that a good deal of careful thought is given to heat treatment after forging. It is generally 
known, for a forging to be normalised, that the temperature to which it must he raised varies with the 
amount of carbon it contains, but it is not generally known what these temperatures are. It should 
always be desirable to have the steel in the best physical condition, and this can only be attained by 
raising the steel to its correct temperature. A few degrees above will do no harm, but a few degrees 
below the normalising temperature will result in grain growth. In other words, the various temperatures, 
in relation to carbon content, to which the steel must be raised, represent the critical change points in the 
steel, and until it is raised to a little above these change points no refinement of structure will take place, 
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Mention should also be made that when this temperature is reached it should be held long enough to 
enable the heat to permeate right through to the body of the forging, the length of time naturally 
depending on the size of the job. 

Dr. Stead has prepared a heat treatment chart which has proved to be of great value, and [ can 
strongly recommend it to all workers in iron and steel. It is included in several metallurgical books, but 
does not appear to be separately published. When the carbon contents are known a glance at the chart 
will give you the correct normalising temperatures, and you are then assured that the steel is in the best 
physical condition. If, during the process of manufacture, a forging is cold worked or strained and 
afterwards normalised at too low a temperature it will result in grain growth, and show a coarse and 
brittle structure. If, under the same conditions, it is brought up to the correct heat, the steel will be 
restored to its original structure. 

The practice, referred to by the author, of annealing the forging before it is allowed to become cold, 
is one that is carried out mostly with nickel chromium steels, but these are cooled until they become 
magnetic and then re-heated. Experiments by a well-known firm on tle Clyde, bave shown that hair- 
line cracks when present, are formed during cooling after the final hot working operation, and that their 
formation is prevented by retarded cooling. The author also states on page 18, that after rough machining, 
raising a forging to a temperature of 400°C. to relieve stresses, is not considered heat treatment. | am 
in agreement with him so far as plain carbon steels are concerned, but in nickel chromium forgings I 
think the test pieces should be left on until the full treatment has been carried out as there is a consider- 
able difference between the lower critical points of the two steels. 

On page 20, Mr. Kertscher gives an interesting example of the arch of a sternframe being welded by 
a method called a “liquid weld.” What it means is that a forged steel] sternframe has a section of the 
arch composed of cast steel, and although the analysis of the two metals may be identical, it does not alter 
this fact. When the flow of metal is stopped and solidification begins re-crystalisation will take place and 
there will be an intimate union of the metals by the forming of new crystals, but it will be a weak, coarse 
and brittle junction. This could only be remedied by being well forged afterwards, and, in my opinion, 
it would be difficult to do much forging, if any, to the arch of a frame after this operation. 

The author states on page 21, that in order to prove the quality of such welds three billets were 
welded together by liquid steel and the whole forging with the two welds forged down to 250 mm. It 
would be interesting to know the original size of the billets before forging. Fig. 14 shows the forging to 
be 250 mm. square which means that it has been forged down on both sides. It is obvious, therefore, 
that the billets have received t:eatment that it would be impossible to put on to the frame. The tests 
results given by the author go to prove that the strength and ductility have been restored by forging and 
normalising and to prove the quality of such welds I think the test pieces should have been removed from 
the billet after the weld, without any forging, or with at least the same amount of forging, in one 
direction only, that the frame would receive. 

Mr. Kertscher is to be congratulated for giving us such an instructive paper which I am sure will be 
read with interest by all members of the Association. 


Mr. V. L. F. Sprowox. 


I wish to express my sincere appreciation of the author’s very instructive paper. As we can agree 
with practically all the remarks contained therein, there is very little left to argue about. I should like 
to follow his kind invitation, adding only a few modest facts however, since it is impossible to improve 
upon the paper. 

The author informs us, among other interesting features, that in one of the works in his district the 
construction of air craft and aero engines is carried out. It might be, therefore, of some interest to know, 
since the author himself is a famous airman and well acquainted with heavy oil engines, that in one of the 
engineering works in this district the heavy oil aeroengine sought after for many years, has left the stage 
of experimental research. So we should see this craft in the near future in keen competition with the 
petrol engine. 

The aeroengine is a heavy oil 7 cylinder 28.0.DA type, welded of steel lai with airless injection of 
the fuel oil. It develops 1200 B.H.P. at 1000 r.p.m. with 190 gr./B.H.P./h. fuel consumption. The 
bore is 190 mm., stroke 300 mm., and weight about 1°3 kg./B.H.P. There are still many difficulties 
to overcome, such as noisy running, smoky exhaust when starting up, formation of deposit in the 
combustion space, vibration, etc. 1t is not an easy task with a piston velocity of 10 mtr./sec. and in 
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the infinitesimally short time which is available for the injection of the fuel oil and scavenging, to obtain 
a perfect combustion at all loads accompanied by an invisible exhaust. Further, with fuel atomisers of a 
bore small enough to ensure every particle of the fuel oil being converted into useful power, there is the 
danger that these microscopic orifices might be choked by the smallest impurities. 

The accuracy of the tool machines used in the manufacture of engines of this kind is an essential 
feature. The Maagsystem is widely spread over the engine works in this district. If I am well informed, 
the principle consists of the shaping of an involute system with another toothed wheel, used as the 
shaping tool, this latter having the diameter oo. In other words, a toothed straight rod is used, or rather 
a part of one. The purpose is to shape toothed wheels, with any number of teeth, by means of one tool 
only. ‘Toothed wheels abxped like this can be coupled to each other in any way, and will work very exactly. 


The appearance of the fracture of tensile test samples gives, in all cases, a good indication of the 
quality of the material in question. But even test samples of uniform silky appearance, of the 
well-known cup and cone shape, showing on the outer circumference a stripey surface when breaking, 
must be contemplated with a certain distrust, as there might be something wrong with the heat treatment 
applied to the material. A notch bar test, however, would soon be able to clear up the matter. 


The load per unit of area, generally adopted here as the elastic limit, is that which causes, after the 
discharge of the load, a permanent elongation of 0°03 per cent. of the gauge length. The limit of 
proportionality is that ae up to which, with uniform increase in the load, there is a uniform increase in 
the elongation. In other words, the increases in load and elongation are proportional. Under the above 
stated conditions of 0°03 per cent. of the gauge length, the elastic limit and limit of proportionality are 
practically the same. Reduction of area and elongation below the elastic limit are also in proportion to 
each other. 

It is usual now, in the practical testing of materials, to consider the yield point (Y.P.) as the 
important factor, and to leave the determination of the elastic limit and the limit of proportionality 
more to scientific research. The Y.P., and its relation to the breaking strength, allow a fair 
estimate to be made of the quality of the material with respect to the manufacturing process, and will 
also be sufficient, in most cases, to base the factor of safety upon. The 0-2 per cent. limit is also adopted 
here for material without distinctly visible Y.P., and is verified by a mirror apparatus. 

Uncertainties, however, exist regarding the so called upper and lower Y.P. At the upper Y.P. the 
material starts to flow. The lower Y.P. shows that at the moment of flowing, there is an instantaneous 
reduction in stress. 

In comparison with the elastic limit, the Y.P. is the more reliable factor, as the former can be 
greatly influenced by local alterations of the microstructure, and by internal stresses, etc. The determina- 
tion of the Y.P. is always advisable. The Y.P. as well as the breaking strength, show the excellent 
properties of alloyed steels when quenched and reheated. 

In addition to the elongation, the contraction should also be determined, being a fair measurement 
of the ductility of the material in question. Both these factors, elongation and contraction, are essential 
for judging the working properties of a material intended for drawing, bending, pressing, punching, 
rolling, etc., whilst the design of engine parts will be more or less based upon the Y.P. 

There remains the problem of fatigue. What fatigue is nobody really knows. Let us take it for 
granted that vibrations of engine parts under working conditions cause fatigue by loosening the cohesion 
of the grain structure. The harder a material is, the greater is its resistance to the decay of the 
microstructure caused by fatigue. . In addition to a proper formation of the grain structure, the resistance 
of a material against the deformation of its microstructure is founded chiefly on those properties revealed 
by the Y.P. and breaking strength, and in no case upon the capability of being deformed in its 
microstructure, i.e., ductility and elongation. A tough material, having great ductility, offers little 
resistance against fracture caused by fatigue. 

Contraction and toughness strength, the latter being determined by means of the notch bar test, are 
related to each other by what is called the intercrystalline brittleness and the cohesion of the grain 
structure of the material. 

In this connection, it may be of interest to mention the theory of some experts in material testing 
with regard to the breakdowns frequently occurring with piston rods of 2S.C.D.A. heavy oil engines. 
Their opinion, briefly, is this:—It is known that a ductile material very often breaks long before its 
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ductility is exhausted and its ultimate limit reached. Permanent deformation, due to passing the 
limit of the shearing stress, and intercrystalline fractures, due to passing the limit of granular cohesion, 
are caused by tensile forces acting in three directions, i.e., spatial stresses, so that even materials of 
great ductility break locally (hair cracks) long before the elastic limit or the shearing Y.P. are actually 
reached. This is because very small shearing stresses are able to balance far higher tensile stresses. 
Such a state, under permanent spatial stresses is, of course, very dangerous in cases where the cohesion 
of the microstructure is small in its relation to the resistance against deformation. If now, in addition to 
this, a dynamic strain increases the tendency to deformation, and, in consequence, the internal stresses 
also increase, then the material will soon be liable to fracture. Under spatial stresses even a ductile 
material behaves like a brittle one, and breaks abruptly without any permanent local deformation ; 
in this way the intercrystalline hair cracks are caused. With ductile material there has been hitherto 
no means of determining exactly the intercrystalline cohesion of the grain structure. This cohesion is 
likely to be altered repeatedly in the different stages of working during the manufacturing process and, 
later, under working conditions too. The intercrystalline brittleness of the material may have its 
origin in the ingot, through impurities in the grain borders. It sometimes happens, for instance, that 
a material, in spite of an excellent contraction, shows less toughness strength with notch bar tests than 
would be expected. ‘This may be considered as evidence that the intercrystalline cohesion of this material 
is very small, whereas its other properties, verified by the tensile test, are quite normal. The notch bar 
test, therefore, is not only a del means for verifying the toughness strength properties, but also shows, 
to a certain degree, the cohesion properties of the microstructure. Tensile tests and Y.P. indicate the 
highest strain that should be applied to a material, whilst contraction and elongation show its ductility, 
but the relation between contraction and the results of notch bar tests always gives a fairly safe indication 
in regard to the cohesion of the grain structure and intercrystalline brittleness. 


It is not within the scope of this discussion to deal with the problem of the broken piston rods 
of 28.C.D.A. heavy oil engines with respect to heat stresses, alternating stresses and corrosion effects in 
the bore, but, without expressing any opinion as to the suggestions made in connection with these failures, 
we suggest that the ingots for such important forgings as piston rods should be submitted to tests of 
material and that a supervision of the whole forging process, including heat treatment, should take place. 


It is remarkable that the melting of white pig iron for producing malleable cast iron is carried out in 
an open hearth furnace. One is generally told that malleable cast iron will later be replaced by the 
press forging, the manufacture of the latter being cheaper. It would be of interest to know for 
what engineering parts these malleable castings are needed in such quantities that the melting in an 
open hearth furnace is profitable. The metallurgical advantage of this process, without doubt, is 
that it is easier to obtain, in the open hearth furnace, lower carbon and sulphur contents than is possible in 
the cupola furnace. The expression “malleable” is sometimes applied euphemistically to a product. of 
cast iron, which is shaped later, not by means of a forging process, but ina mould. I suppose the melting 
in the open hearth furnace reduces the carbon content to such a degree that the oxydising heat treatment 
afterwards can be dispensed with. It is, however, possible to produce in the cupola furnace a kind of cast 
steel, which can be bent cold, is very easy to machine, and has a certain malleability. The chemical 
analysis of this material is the following :—Scrap steel and Swedish wrought iron, C=0°58, Si=0-47, 
Mn=0'72, P=0°045, S=0°03. The most remarkable feature of this is the melting of soft steel of com- 
paratively low carbon content in a cupola furnace, the necessary high temperatures being obtained and 
also maintained. 


The limit of malleability is at about 1°7 per cent. C. with carbon steels. At this point ledebourite 
appears as a new constituent in the microstructure, consisting of decayed y crystals. Below 1:7 per 
cent. C. we have secondary cementite + pearlite. In other words the malleability of carbon steel vanishes 
when ledebourite appears in the microstructure. The material is called white cast iron. Adding 
Chromium to white cast iron influences the carbon content to such a degree that even below the limit 
of 1°7 per cent., ledebourite appears, and in this case, with lowered carbon content, the malleability of the 
chrome-white cast iron alloy is maintained even when ledebourite is present. So, from a cupola furnace, 
a white cast iron has been obtained which is said to be malleable without any subsequent oxydising heat 
treatment. At the present time investigations are being made at one of the works in this district 
regarding the general properties of these alloys. The results of the tests are not yet available as the 
investigations are not concluded. 
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The torsional and shrinkage tests carried out with a full size crankshaft are exceptionally interesting 
and so far as I know such or similar expensive investigations never have been made in the engineering 
works in this district. The following simple calculation for the determination of curves and tables of 
shrinkage allowances is generally used :— 

d?+d/? 


d,?,—d? 
the crankshaft mentioned in the author’s paper, the ratio of the diameter of the bore to the outer diameter 


The tangential stress in the inner fibre of the hore (web) is o, = p ; taking the dimensions of 


of the layer, i.e., the web, is >a = ae =2'1. Thus we get o, = 1°59 p; this tangential stress is 
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also the maximum tensile stress on the outer diameter of the web. This stress must be within the elastic 
limit of the material, otherwise the shrinkage connection would become loose. In Table 10 the author 
gives the value of the elastic limit of the material of the crankshaft in question as 8°1 kg./mm.? at 
0-001 per cent. of the gauge length. This seems to be far too low. Following the usual practice of 
adopting the elastic limit as being in the neighbourhood of the limit of the proportionality, the value of 


15 kg./mm.” has been inserted in the calculation. Thus we get Pox, = = 945 kg./em.?. 
The radial tension with a solid shaft = tangential tension = o,/=o,’=-—p. ‘The ratio of the 


contraction of the areas is assumed as v=0°3. Then the elastic elongation of the radius of the bore is 
— S$ — 28_ %—Vo; _ 1°59 p—0°3(—p)_ 
Tend: His an E a 
ey Cie SEE a ip. Modulus of elasticity is=2,053,000 kg./em?. The diameter d of 
tea E EB 7 id 
the journal to be shrunk into the bore of the web must be = diameter of the bore d, multiplied by the value 
con _ B_189p , O7p_2°59x 945 _p. 
pt+d,; d=(dp)+d,; the value p is found thus: eg en ae 3.053.000 =0°001195. In 
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this case p is=0°001195d,=0°476. This is in agreement with web LV. Table 8 before the test, where 
the shrinkage allowance p is also 0°47. 


In general shop practice the value p is roughly 1°5 mm. per 1,000 mm. diameter of the bore, and 
p becomcs 0°6 which is also in agreement with crank I, II, ILI, of Table 8. Taken as a whole, one can 
say that the results of the torsional tests with a crankshaft as described by the author prove that 
the usual shrinkage allowances hitherto based more or less on theoretical calculations or practical 
experience are reliable. 


It is a good practice to test and inspect the cores of bored forgings, such as rotor bodies. The 
strains applied to engineering parts like these under working conditions are sometimes considerable. 
Therefore the greatest care and attention should be exercised to avoid additional stresses within the 
forgings themselves. These stresses arise during the forging operation and during the following coolin 
down period. The outer layers are cooled down at a quicker rate than the inner ones. The interna 
stresses will be neutralized automatically, so long as the material of the forging is hot and sufficiently 
plastic. But with further cooling down, the temperature becomes equal throughout the forging and this 
leads to a greater contraction of the material in the core. This has the effect of causing distortion 
between the inner layers and the outer layers. The direction of the stresses consequently is from the 
core to the circumference. Tensile stresses appear in those parts cooled down last, é.e., the core. Com- 
pressive stresses appear in the outer layers. In addition to this, there are stresses, scarcely computable, 
which have their origin in other causes, such as the dimensions and shape of the forging, the rate of 
cooling down and the method of heat treatment. If there should now occur a combination of the centri- 
fugal We such as in a rotor body under running conditions, with the stresses mentioned above, both 
acting in the same direction, then a breakdown may perhaps happen. It has therefore been suggested 
that, during the overspeed tests, the material in the core should be overstrained to such a degree that 
the Y.P. of the material is reached or even slightly surpassed. In this way, a compressive strain, 
of opposite direction to the working strain, is created in the inner fibre in the bore of the rotor 
body by a cold deformation of the material. For a rotor body with bore of the dimensions 
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mentioned in the author's paper, using the formulac, = = 7s [ (om +1) R’+(m —pR? | 


ve P| The elastic contraction of the radius of the journal is 
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the revolutions per minute necessary to overstrain the material would be about 4,730, assuming the Y.P. 
as 30 kg/mm’. When hardening and re-heating, the quenching operation starting from the bore follows 
the same purpose. 


Two cases are known in recent years in which the shrinkage connection of crankshafts became loose. 
Without dowel pins the accidents would have been more serious. Provided the shrinkage allowances are 
the same as those which have proved satisfactory in practice and the shrinkage operation is made with the 
utmost care in every respect, 1 do not see any reason why a clearance should arise at the junction between 
journal and web or why the material should give way. There is a great disparity between the different 
firms in respect of these allowances and they depend chiefly upon the state of workmanship of the parts 
to be shrunk. The formule dealing with the matter are based upon polished surfaces only. 


With built up crankshafts care must be taken that the distance between journal and pin should 
be in no case less than 0°45-0°5 of the diameter of the journal. Otherwise the journal and pin are 
likely to get loose, because, in the section of the web between journal and pin, the stresses, arising in 
the material around these parts through the shrinkage, are added together. With too small a distance 
between journal and pin a yielding of the material of the web takes place. This is often the reason why, 
especially with a small ratio of stroke to diameter of pin and journal, a semi built crankshaft 
must be used instead of a built up one, in spite of the higher costs of the former. I do not know whether 
the crankshaft for Japan mentioned by the author is a built up one, but I suggest that the question 
might be considered from this point of view. With the dimensions available there is no difficulty in 
computing the stresses around the pin and journal caused by the shrinkage and their effect on the 
material of the web. 


As regards dowel pins, one firm arranges 5% taper, for a length of 0°7 of the thickness of the web, 
and files off on both sides in order to prevent the radial stress from acting opposite to the shrinkage 
stresses. This filing off should be done, of course, only to a very small amount, scarcely visible, and 
must be carried out with care, so that after the dowel pin is driven home no clearance appears. 


The author gives, in his paper, such excellent advice regarding the carrying out of a thorough test 
and inspection of engineering parts that it seems superfluous to ask whether the verification of the 
dimensions of a crankshaft is carried out when this difficult and responsible task is called for in the 
specification. As there exists a diversity of practice in respect to the tolerances and allowances, and as 
difficulties sometimes arise later when inspecting the true alignment of the crankshafts and the adjustment 
of the main bearings during the erecting period in the engineering works, I should be very much obliged 
for a little information about this matter. Except for the inspection of the surfaces, bores, fillets and oil 
grooves for faults and defects, the accuracy and workmanship is generally controlled in accordance with the 
following schedule :— 


1 mark on water level = 0°35 mm. on 1 metre length 


layne 9) Jamon 
1 PE = 0-005 ,’/ . 


D = diameter of journal or pin. 
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The ingots used for the manufacture of very large crankthrows for semi-built crankshafts must be 
of considerable size, to allow for the forging down process. It cannot be denied that occasionally there 
might be a crankthrow, the material of which does not differ much from a steel casting. Dealing with 
such a case, is one of the disadvantages of the occasional attendance system, as it is most important to 
apply an extremely thorough heat treatment and if any doubts exist in this respect notch bar test samples 
should always be taken, trepanned as near as possible to the crankpins. Toughness strengths of only 
3 mkg./cm.? are sometimes found, but after a further efficient heat treatment is applied to the crankthrow 
or crankshaft, the toaghness strength rises to about 6-8 mkg./cm.?. Notch bar test samples taken after 
a good heat treatment of a forging, having a high toughness strength, show a fair contraction on both 
sides in way of the sinewy fracture. Whereas, in samples with low toughness strength, the fracture 
is coarse crystalline and without any contraction. Solid crankshafts, and also all parts of built and 
semi-built crankshafts, should be heat treated twice as much after the forging (normalising) as after the 
rough machining in the lathe (removal of tensions caused by the cold working in the lathe). The 
crankthrows of solid forged crankshafts should only be bent to about 60° under the forging press at a 
temperature not far below 800° C. 


The sulphur prints (Baumann tests) mentioned by the author are generally adopted and regularly 
carried out in the engineering works in this district in order to inspect the material delivered by the sub- 
contractors, such as steel works and rolling mills, with regard to segregations, cracks and other faults. 
Materials used for the more important engine parts, such as tie rods, main bearing bolts, top and bottom 
end bolts, etc., are carefully examined in this way by cutting from both ends of the rolled round bars or 
blooms a sheave for the Baumann test.* Even from material for rivets and studs samples are taken for 
the Baumann tests and chemical analyses in order to verify the quality of the material. Segregations of 
sulphur, mostly accompanied by sand cracks, are of a brown colour in the print ; segregations of phosphorus 
are yellow. The inspection of piston rods of 28.C.D.A. engines is made in a similar way as these are now 
well known to be very important engine parts. If only traces of impurities or ghostlines appear on the 
polished surface, Baumann tests are made and the piston rois will be rejected when segregations 
accumulate and surpass a certain amount. It is important to determine whether both phosphorus and 
sulphur, are distributed uniformly throughout carbon steel in such highly strained engine parts as piston 
rods of 28.0.D.A. heavy oil engines. P.and 8. segregations increase the brittleness of the material. 


From both ends of each crankshaft and of the ingots for these forgings delivered by the steel works, 
in addition to the slabs cut from between the crank arms, sheaves of full size are cut off for the so-called 
“deep etching.” The surface of these sheaves should not be polished but only ground dry in a grinding 
machine. These sheaves are then etched for about 24 hours in a mixture of 1 : 1 of sulphuric and 
muriatic acid, each of which have been diluted in the ratio 100 : 5 and 1:1 respectively. After the 
etching, sulphur and phosphorus segregations appear as spots darker than the surrounding material 
(see micro C). Inclusions of slags form small grooves. Even the finest hair cracks become distinctly 
visible (see micro C). In alloyed steels these hair cracks appear more frequently than in carbon steels. 
This seems to be the reason why some firms prefer carbon steel piston rods for 28.C.D.A. engines instead 
of alloyed steel. One is of the opinion that segregations of chrome and nickel, in alloyed steels, increase 
the brittleness of the material at these places, and in consequence the internal stresses cause the formation 
of the intercrystalline hair cracks more easily. The theory is, that before the quenching operation 
(with alloyed steels of course), at those places with chrome and nickel segregations, a martensitic structure 
is formed, resulting from cooling down at a normal rate, or at least hair hardening (self-hardening 
effects). The micros A and B show a distinct place on a sheave which has been cut from one end of a 
crankshaft delivered from the steel works in rough machined condition. The material is a chrome nickel 
steel of 8 per cent. Ni. and 0°75 per cent. Ch. The darker spots are the segregations of the constituents 
of the alloy. The microstructure is the typical reheating one, Troostite and sorbite, which latter is not 
far from the stable modified pearlite. The inclusions are manganese and ferrous sulphides. Micros D 
and E show one of the cracks of micro C. 


I need hardly remark that great difficulties sometimes arise with steel castings, and I fully 
appreciate the author’s methods of testing and inspecting. The difficulties and failures with steel 


*See print K and L from both ends of a rolled round bar, rejected on account of a small piping and many 
segregations in the centre. 
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castings have lead to the replacement of cast steel cylinder heads for 28.C.D.A. heavy oil engines with 
cast iron ones. Without expressing any opinion as to the suitability of this latter material for these 
highly strained engine parts, since there is no experience available regarding the behaviour of cast 
iron under working conditions for long periods, in heavy oil engines of this special type, one must admit 
that, in addition to the considerable reduction of costs, a cast iron of nearly pearlitic form of micro- 
structure has undoubted advantages, owing to being less sensible to heat stresses. 


The author refers to the usual faults of steel castings such as cracks, pipings and segregations. 
Much has been written and said on the subject, so that it is scarcely possible to add any new facts. I 
will therefore content myself with referring only to what is really vital. There are a great many proposals 
for preventing the formation of cracks and pipings, the execution of which are well left to the steel 
founders themselves, with the exception of the use of chilling plates. This practice is absolutely 
comdemned, as one never knows for certain if the plate or bar inserted will be welded; the section of the 
steel casting is very likely weakened at an important place and the proper object of avoiding cavities 
and cracks by hastening the process of freezing and quickening the release of heat is not obtained. A 
similar proceeding is sometimes carried out when casting ingots for forgings by inserting scrap steel in 
the moulds. This is done to protect the bottom of the moulds against the heat of the molten metal, 
by chilling the bottom of the ingot. Generally the scrap iron will be welded. But occasionally one 
can find, by using a sheave cut from the bloom andthe “deep etching” as described above, inclusions 
consisting of pieces of scrap steel which have been inserted in the mould for the above described purpose. 
Also please observe the cracks at that place (see sulphur print F and micros G and H). 


A good means of preventing the formation of cracks during the solidification period is to remove 
the steel castings from the moulds soon after the cast, in this way diminishing the contraction stresses. 


There is said to be a so called critical temperature in the neighbourhood of 1300° C. at which 
the formation of cracks takes place. Of course, it is very difficult to judge exactly the temperature at 
which the removal from the moulds must be carried out. The time when this temperature is reached 
depends on many circumstances, such as the temperature of the molten metal at the moment of the cast, 
the dimensions of the steel castings, the thermal conductivity of the moulds, etc. The fact that steel 
castings of the same shape, and moulded and cast in the same way, sometimes differ so much from each 
other as regards their quality may be due to these circumstances. 


Cavities and cracks frequently occur at the same time and it appears that the formation of cracks is 
impeded when the formation of cavities is prevented by feeding heads. At the critical temperature of 
about 1300° C, the steel is already solidified, and therefore the formation of cavities cannot occur. The 
arrangement of headers at all important places is most essential in order to get steel castings as free as 
possible from pipings and cracks. Of course the costs of manufacture will be increased by too much 
waste of material. 


The arrangement of ribs is also a means of preventing the formation of cracks, at those places where 
they might be expected, for instance where thin and thick sections meet each other. Cracks are frequently 
found where broad ribs meet the walls. The ribs must be far thinner in their sections than the 
neighbouring wall so that no considerable augmentation of the whole section occurs at the place in question. 
The ribs, with their thinner walls, freeze earlier than the adjacent main walls, and in this way strengthen 
the thin casting skin at places where cracking is liable; the ribs further assist to release the heat. 
Differences in the temperature within the steel casting itself are far more dangerous than moulds and 
cores of a too unyielding material, as the formation of cracks takes place almost simultaneously after the 
solidification, when freezing and contraction are occurring at the quickest rate. 


Experiments have been made in order to diminish the contraction of the cast steel by a suitable 
composition of its chemical constituents. ‘The influence of carbon, silicon, manganese, phosphorus and 
sulphur on contraction is well known. An increase in the sulphur and phosphorus contents will diminish 
contraction, but the advantage obtained is very small, as these constituents must not exceed the normal 
quantity in cast steel. But phosphorus and sulphur influence the quality of cast steel in other respects 
and moreover encourage the formation of cracks. 


What has already been said can be summed up as follows :—Moulds and cores must be of a somewhat 


yielding composition, porous and vented. The thickness of walls should be reasonably uniform, in order 
to obtain uniform freezing temperatures and velocity of contraction throughout the steel-casting. Ribs 
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should be correctly placed in way of sections of different thickness, sharp corners and abrupt changes of 
sections being avoided. Ample headers should be arranged where necessary. Castings should be removed 
from the moulds at the right time. Melting should take place at high temperatures and casting should 
be done at a comparatively slow rate. 


In conclusion I wish to thank the author and congratulate him on his very interesting paper. 


REPLY BY THE AUTHOR. 


I wish to express my grateful thanks to those members who have contributed to the discussion, or 
have otherwise rendered assistance, particularly to Mr. Reed for the trouble he has taken to prepare the 
paper for the press and for reading it, and to Mr. Young for his kindly aid in that connection. 


I am glad to note that Messrs. Dorey and Reed have drawn attention to certain errata in the bw gi 
which arose from a misunderstanding of my corrections in the proof sheets, and which were intended to 
read as follows :— 


Page 6. Third paragraph, third line: 5°4 per thousand. 

Page 8. First paragraph, first line: 5°4 per thousand. 

Page 9. ‘Table 5, sixth column: Length of Surface. 
Page 11. Third paragraph, first line: 1°295 per thousand. 
Page 12. Table 8, fifth and tenth columns: per thousand of dia. 


In this connection I should like to say that I greatly admire the able and conscientious manner in 
which the difficult printing of the great number of formule and tables Las been carried out. 


I have to thank Dr. Dorey for his valuable remarks on the paper and I fully concur with him with 
regard to the practical value of the elastic limit and the limit of proportionality. 


The shrinking surfaces of the crankshafts were machined to a very smooth finish. 


According to my experience, the examination of cold finished tubes after the last draw need not 
necessarily mean a slowing down of production, as the tubes are greased for the drawing operation and 
will retain their bright surface for a number of days. The whole delivery, after being checked previously 
by the works officials, is presented for examination in that condition, and immediately thereafter annealed 
in a continuous annealing furnace. On the following morning the test pieces are marked and the tubes 
again inspected for deformations which may have been sustained by rough handling during the annealing 
process. 


Mr. Reed has added a valuable contribution in bringing to our notice some well-tried average 
working allowances for shrinkage. 


The formule given by him for the difference of elongation on test pieces of 5, 10 and 34 diameters 
gauge length respectively, are in perfect agreement with the curve of Fig. 2 of the paper for a contraction 
of 45 per cent. and, as this may be taken as a good average for mild carbon steels, the formule will give 
satisfactory results for common steel forgings and castings. A reliable comparison in all other cases, 
however, can be made only by correlating the elongation with the reduction of area. 


The principle on which cracks show up when a liquid with small magnetic particles in suspension is 
poured along the smooth surface of magnetized bodies is, in my opinion, the concentration of magnetic 
force lines on sharp edges and their tendency to bridge the gap. It may be of interest to note that a 
slight magnetic disturbance of the surface, for instance, by drawing a line with the blunt end of an iron 
key during the test, produces a black line similar to that caused by a crack, but after wiping off, the 
line of a real crack only will reappear. This fact can be used to check the suitability of the iron oxides 
and the efficiency of the testing arrangement. 


Mr. Young’s contribution to the discussion is very welcome, especially with regard to his interesting 
remarks on coupling bolts. 

His interpretation of elastic limit, limit of proportionality and yield point might fairly well be 
accepted. 
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The usual calculations of the theory of strength and elasticity of materials are based upon the 
assumption of proportionality between stress and strain, and therefore, proportionality has some importance 
in simplifying such calculations. From the technical point of view, however, it is only essential that the 
material is practically elastic and that no plastic and ever increasing deformation will take place under 
working conditions, resulting in ultimate failure. 


The conception of the elastic limit implies that the material will not undergo the slightest plastic 
deformation within its range. However, even such asmall value as 0:001 per cent. of the gauge length is 
already a permanent elongation and means that the limit of elasticity has been surpassed, for elasticity 
and permanent set annul each other. In reality, therefore, the determination of the elastic limit is 
nothing more than the statement of an arbitrarily fixed point in the stress-strain diagram, whereby it 
must be considered that, as mentioned also by Dr. Dorey, the primitive or primarily determined elastic 
limit as well as the limit of proportionality, may be displaced in either direction by mechanical or thermal 
treatment. 


I quite agree with Mr. Young that the study of stresses in crankshafts, especially under working 
conditions, seems still to be a long way from reaching finality. 


Mr. Ewing’s clear and precise remarks on the different subjects are much appreciated and fully 
concurred in. 


It is gratifying to note that Mr. Thomson, our President, had recently studied the question of the 
percentage elongation of test pieces of different forms and dimensions, and that the curves given in Fig. 2 
were welcome. These curves have been compiled from the results of many thousands of test pieces of 
circular cross section which were made sufficiently long to be marked with different gauge lengths, so 
that from one and the same test piece the different percentage elongations could be ascertained. Only 
test pieces with the fracture well in the middle of the yauge length have been taken into consideration. 


Test pieces of different diameter will yield similar results of total elongation if the proportion of 
cross section and gauge length is the same. Therefore the gauge length is usually expressed as a function 
of Area, for instance 4x ./ Area for the standard test piece C. There will not be any appreciable 
difference in the results of total elongation of rectangular sectioned test pieces compared with those of 
round ones provided the proportion of cross section and gauge length is the same and the width of the 
test piece is not greater than five times its thickness. The contraction of rectangular test pieces, however, 
is usually less than that obtained on circular sectioned test pieces and, as a reliable comparison of the 
elongations can be made only by correlation with the reduction of area, an allowance must be made 
in such cases. 

If we consider for instance a standard test piece A of } in. thickness and 14 in. width, the standard 
guage length of 8 in. is equal to about 7 x / Area, whereas a gauge length of only 4 in. would be equal to 
35x v Area. Assuming that the test piece would have a reduction of area of 50 per cent. (referring to 
circular section), we find from Fig. 2 that the difference in elongation is 7 per cent., i.e. the short test piece 
will have 7 per cent. more elongation than the long one. 

With regard to the differences of elongation provided for in the Rules, for instance, in the case of 
rivet bars, 25 per cent. on test piece B corresponding with 80 per cent. on test piece C., the respective 
gauge lengths are equal to 9 x / Area and 4 x ¥ Area. Consulting the curves in Fig. 2, it will be 
found that the difference of 5 per cent. for the two gauge lengths corresponds with a reduction of area of 
35 per cent., which appears to be quite a reasonable lower limit for this kind of material. 


I should like to emphasize the importance of the reduction of area for the use of the curves in Fig. 2. 
If the contraction is known, the difference of elongation for any gauge length between the limits of 
3x / Area and 11°3 x ¥ Area can be found with great reliability. If we find for instance for a 
material with 45 per cent. contraction an elongation of 30 per cent. on a gauge length of 4 x ¥ Area 
(test piece C.), the difference of elongation will be found, by following the line of contraction of 45 per 
cent., to be 3 per cent. and 8 per cent. respectively for the two German standard test pieces. This method 
of starting from the contraction for finding the difference of elongation is the only reliable one, whereas 
going out from the absolute figure of elongation and following the curve of contraction passing through the 
junction of gauge length and elongation is a rough approximation only. 
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On the original slide rule the curves for the reduction of area are printed on a iron Sey sheet, 
which may be moved up and down the scale by means of a sliding frame, so that it is possible to adjust 
the particular curve of contraction over the proper figure of elongation, and to find the absolute value of 
elongation for any other gauge length by following the curve of contraction. 


I am much obliged to Mr. Porter for his valuable information with regard to the heat treatment of 
important forgings, and I am sure many of the members would be glad to have such a valuable help as 
Dr. Stead’s heat treatment chart referred to by him. 

Mr. Porter has rightly pointed out that, so far as nickel chronium forgings are concerned, the test 
pieces should be left on until the forging has been raised to a temperature of 400° C, to relieve stresses, 
and I have to add that my remarks referred to plain carbon steels. 

Mr. Porter has no favourable opinion of the “liquid weld,” and I must admit that his arguments 
are well founded. To a certain extent, however, the coarse structure of the junction can be improved by 
proper heat treatment and heat refining, and, so far as I know, forgings welded in this way have proved 
satisfactory under working conditions. The steel manufacturers who developed this method are fully 
convinced of its superiority, and claim that a thoroughly reliable weld of perfectly clean material having 
the same composition as the welded forging or casting itself is always obtained, and that the process is 
easily controlled by the workshop staff, whereas in the case of thermit, spigot or socket welds, the quality 
of the weld is dependent on the individual skill and care of the workman, the welding material is of a 
different composition, and the weld contains a certain amount of included slag. 

_ The original size of the billets was 300 x 400mm. The subsequent forging of the billet has reduced 
the sectional area to about 52 per cent. of the original area. 

I have to thank Mr. Sdrowok for his valuable contribution, which is a paper itself and shows his 
very lively interest in, and wide knowledge of technical and metallurgical matters, which I appreciated in 
many discussions when we were both attached to the Diisseldorf office. 


His account of a two stroke-cycle double-acting heavy oil aero-engine is of particular interest as it 
appears nearly incredible that it should be possible to adapt this crosshead type of engine for such a 
purpose and to overcome the enormous difficulties of fuel injection, scavenging and cooling. Making an 
allowance for the piston rod, the mean effective pressure works out to be in the neighbourhood of 
5°15 kgs./em.? (73 lbs. per sq. in.), and assuming two fuel nozzles for the lower combustion space, each of 
these nozzles must, about seventeen times per second, inject and atomize such a small quantity of fuel as 
0°8 grammes (12°3 troygrains). It is interesting to note that, whereas petrol aero-engines are practically 
all of the 48.C.8.A. type, the few existing heavy oil aero-engines show already a great variety of types, for 
instance the Packard and the well known Beardmore aero-engines (48.C.S.A.), the Junkers Diesel aero 
engine (28.C.8.A. opposed piston) and now the new two stroke-cycle double-acting aero-engine mentioned 
by Mr. Sdrowok. 

I quite agree with Mr. Sdrowok that the yield point and the reduction of area should be noted in all 
cases of tensile tests, which I always do. 

The 0-001 per cent. elastic limits given in Table 10 have been carefully ascertained and are quite 
correct. It is the 0°08 per cent. elastic limit which is usually found to be very near the limit of 
proportionality, but it also depends upon the internal structure and purity of the material and may 
vary to a wide degree. 

A clearance between journal and web of crankshafts such as that reported in the semi-built crankshaft 
returned from Japan (Fig. 6 of the paper) may be caused, even when handling the parts with great care, 
by a slight tilting when inserting the pin at the beginning of the shrinking operation and thus damaging 
the edge to a very slight degree, but such a small clearance is not considered to seriously impair the safety 
of the shrinkage connection, and the crankshaft in question was not rejected by this Society’s surveyors. 


As a rule I check crankshafts in the lathe, even if this is not expressly specified, and compare my own 
readings of dimensions with the workshop’s records of measurements and deviations from the nominal 
values. Nearly every country has her own standards for limits and limit gauges, and therefore, the steel 
works manufacturing crankshafts for different foreign customers have to work to these different standards. 
It appears that the values given by Mr. Sdrowok will perfectly serve their purpose and could be a first 
step to the international standardisation of tolerances for crankshafts. For comparison I append a 
list of specified tolerances of some crankshafts, each of which was ordered by a different engineering 
works. 


—< 


x mm. mm. mm. mm. mm. mm. mm. 
Diameter ... 895 420 470 430 815 254 184 
JOURNAL +0°00 | +0°00 | +0°1 +0°1 +0°102} +0°03 | —0°177 
Tolerance ... —0-08 | —0-08 | —0-1 | —0-1 | —0-102} —0-03 | —0-127 
Diameter . 395 420 470 460 815 254 184 
KPI 
Ceawkrin | hee | +000 | +000 | +01 | +01 | +0102) +0-03 | —0-177 
“* 1} —0°08 | —0:08 | —0:'1 | —0:1 | —0°102] —0°03 | —0:127 
Maximum Diameter ... 395 420 470 430 315 254 184 
OVALITY 
JOURNAL Tolerance ... 0°04 0°04 0°06 0°06 0076 0°025) 0°05 
Maximum Diameter ... 395 420 470 460 315 254. 184. 
OVALITY 
CRANKPIN Tolerance ... 0°06 0°06 0°06 0°06 0:076 0°025) ~=—0°05 
Dimension 500 450 290 a 265 266°71 254 
STROKE 2 4 : 670 = pu ad 
: Tolerance ... £055 | £05 | £025) +02 | 1-016) £02 | £0152 
DISTANCE Dimension 1100 1150 1375 2575 870 914 750 
MIDDLE OF 
JOURNALS Tolerance ... +0°4 +0°4 +0°3 +05 | +0°6 +03 | 40°15 
| — — — 
PARALLELITY OF | Measured in Mil- 
CRANKPINS limetres on one +0°175) +0°175| +0°3 +0°2 | +0°25 | 40°127)/ +0715 
witH Mary Axis | Metre length 
Measured at : a . ‘ : * , 
Decceeheonel | ane +083 | 40:75 | 405 | £05 | 40889] 406 | £05 
CRANK ANGLE 
Degrees _ — = _ — a na, 
Dimension 6800 11655 | 12736 11517 6569 6832 2714 
Toran LENGTH 
Tolerance... ... +1°8 —2'5 +1:0 +1°0 |+0°635} 41:5 | +05 


It is particularly interesting to note Mr. Sdrowok’s description of the careful means and methods 
employed by the engineering works in his district to check the quality and soundness of materials 
delivered by sub-contractors. 


In concluding, I wish to express my gratitude to the Association in general for the kind way in 
which the paper has been received. 
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By COLIN BARTLETT. 


READ 2ND Marcu, 1982. 


The history of a craft is the natural field of research on which to found a discussion regarding its 
present application and potentiality. Caulking must have a past of considerable interest and antiquity, 
beginning with the use of mud and grass to stop leaks in sun-dried dugouts. Unfortunately, the 
progress of the art appears to have escaped the attention of writers, both technical and otherwise, for 
apart from more or less trifling references in early plays and nautical novels, a search through old books 
and papers afforded very little information. In fact, the three main operations of the shipyard—plating, 
riveting, and caulking—lack the services of a technical historian. There is no proper record of the 
variations and difficulties which, through generations, have become moulded into present-day practice. 
Such a history would benefit the future and might well prove a corrective to existing practice. For 
example, it would be of interest to know when, where and how, plates were first joined together with 
the use of heated rivets; what difficulties were encountered by the first users of iron ship’s plates and 
how the caulking of iron originated. Concerning the latter subject, any information which can be added 
during the discussion on this paper would be most helpful. 

The following extracts prove that troubles of a serious nature, which were not fully appreciated, 
faced the pioneers. In a paper read, in 1866, on “The Jointing of plates in iron shipbuilding,” the 


writer says :— 


“Butt joints of iron vessels have been the sole cause of many fatal disasters... The 
vessel labours, its butts open, the water enters and the ship goes down, and all because it is 
physically impossible to caulk a butt like a lap ... Mere contact is all that can he obtained, 


and the superficial caulking does not improve it.” 
Norr.—With the introduction of steam propulsion, shell butts with inside straps were considered 
essential, because it was thought lapped butts would offer too great a resistance at the speeds attained. 


The suggestion is then made to transform every shell butt into a double lap (as shown in sketch), 
caulk each plate to the inside strap, and fill in the space between the plates with compressed teak. The 
name of the proposer of this idea was Mr. B. Daft. 


SHELL PLATE CAULK TEAK SHELL PLATES. 


INSIDE STRAP ~ 


In fairness it must be admitted that a butt caulk is rarely satisfactory, while experiments carried out 
in New York in 1920, on oil-carrying tanks, confirmed the weakness of single straps for watertight 


joints. 
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The word caulk is derived either from the Latin—calcare—to tread, stamp, press in; or the French 
—cauguer—to press or squeeze in with force. Caulking is intended to keep out the wet, hence, 
probably, the use of the word in nautical slang to mean a dram or drop of liquor; while a stretch of the 
imagination may justify the dictionary definition—caulker—a big lie. 


Quotations on the various meanings of the word are plentiful. A few are appended. 
“A maister calker by the day.”—Henry V. (1495). 
“TJ will go gather slyche; The ship for to caulke and pyche.”—Chester Plays. 
“You smell as if you were new calk’d.”—Scornful Ludy. 
“The widow Ochre caulks her wrinkles.” —School for Scandal. 
“ Calkers betle or malle to dryve in towe.”—1552. 
“Wi here tak’ a caulker and there tak’ a horn.” —~Scottish Song. 


METHODS OF CAULKING. 


An accurate title for this paper might have been: “The caulking of iron and steel plates and 
sections in shipyards and repair works,” for the remarks which follow apply to those processes only, and 
not to the kindred subject of wood caulking. 


The object of caulking work which has to be watertight or oiltight, is to bring the edge of the 
plate caulked into metal-to-metal contact with the surface of the plate to which it is riveted. This is 
carried out by forming a depression along the edge of the caulked plate, thus forcing metal into close 
contact with the surface of the adjacent plate. ‘The work is performed either by the use of special hand- 
caulking tools and a hand hammer used by an expert workman, or by a tool in a pneumatic machine. 


The first too! used in hand caulking is known as the splitting tool and is illustrated in Figs. 1 and 2. 

The result required from this tool is shown in Fig. 11. To complete the operation a setting or stemming 
tool is used, as shown in Figs. 3 and 4. In some districts a flushing or finishing tool known as a Jagger, 
Fig. 5, is used. It is claimed that this chisel-like tool levels up any slight inequalities and fills in any 
inholes along the edge of the caulk. Personally it is considered that this tool is too often abused to 
justify its use. Driving an almost sharp edge against the caulking can easily upset good work by raising 
a local ridge ; moreover with the previous work done on the plates flushing should be totally unnecessary. 


A few of the auxiliary tools used by the caulker for special jobs and awkward corners are illustrated 
in Fig. 6. The number and types of these tools vary even from yard to yard, as do their names. They 
may be considered as analogous to the pet freak clubs of the golfer, for the faith placed in their ability to 
to carry out awkward “ digging ” operations bears little relation to their intrinsic worth. 


For hand caulking the setting tool is slightly narrower than the corresponding splitting tool, to 
prevent jamming ; while the bevel 1s also slightly less. For pneumatic caulking the same tool reversed is 
used for splitting and setting. This is possible because the bevel required in the pneumatic splitting tool 
is slightly less than that necessary for the same hand tool. Average tools for this work are shown in 
Figs. 7 and 8. The rounding of the pneumatic tool assists the arc-like motion of the machine and 
prevents jamming. 


It has become customary to use splitting and setting tools of varying width for different thicknesses 
of plating and usually some three or four grades are employed. This practice requires a tool about } in. 
wide for plates from } in. to } in. in thickness; 4°, in. wide for plates up to 4 in., and } in. wide for 
thicker plates. With increase in size of ship and thickness of plate it seems to have been considered to 
be the proper thing to increase the width of the caulking tool. This idea reaches its zenith when dealing 
with thick keel plates when some yards employ two men, one holding the tool in a handle and the other 
using a heavy hammer. This “ horsing” as it is generally called, after a simllarly but far more justifiable 
operation in wood caulking, is considered quite unnecessary and can only be accepted as harmless because 
the thickness of the plates resists the heavy work done to separate them. 

A great deal is sometimes made of the weight of the hammer used in caulking but this is only one of 


several factors governing good caulking. It would be equally important to specify the sectional area of 
the tool in use or the strength of the workman, for these points are all subservient to the skill of the man, 
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The major operation in caulking and the one which determines whether the work will be good or bad 
when completed is the splitting. Before setting up—the second operation—the caulker should show at least 
two-thirds of his splitting tool on the seam as indicated in Fig. 11. To obtain this, at least two-thirds of the 
labour of caulking must go to the splitting. This point is of importance in the argument brought forward 
later, re the lifting of the plate when caulking, for experiments carried out show that most frequently this 
lifting does not take place during the splitting but during the setting up. Insufficient or bad splitting 
cannot easily be remedied once the caulking is completed ; a fact which makes it essential to pay careful 
attention to this initial process. 

Too much bevel on the splitting tool is not good as it does not permit of the proper staving action. 
The back of the tool is bevelled as shown to prevent it cutting into or nicking the plate on which it rests 
during the caulking. With the setting tool the work should be carried out lightly and evenly, producing 
a good caulk. 

. No remarks on methods of caulking can be complete without emphasis being laid on the necessity 
for tools being always sharp, clean and in goodorder. With properly closed work and a clean plate edge, 
bad caulking is generally a case of bad tools in the hands of a lazy workman. ‘Tools with even small 
pieces chipped out of the working surface can often cause serious trouble when the water test comes on. 
One of the best checks on caulking is to watch the tools employed. Topping files should always be 
available for the use of the men. 


REASONS FOR CAULKING. 


Is caulking of any use ? Much interesting argument, no little mutual abuse and some amusement 
can generally be obtained by putting the above question to a foreman caulker in the presence of his plater 
and riveter colleagues, An answer suggested is that caulking is not essential to watertightness nor is its 
present use in conformity with first class workmanship, which means metal-to-metal contact as a result of 
perfectly sound rivets in good holes. Also, at its worst, caulking can be a source of trouble and actually 
injurious. 

Under ideal labour conditions, where the class of workmanship steadily improved, caulking could be 
made lighter and lighter, until it became unnecessary and disappeared. If caulking could be gradually 
prohibited workmanship would automatically improve, for it is the unfortunate lot of the shipyard 
caulker, not merely to put the final seal to a good joint, but frequently to be burdened with the thankless 
task of covering up other people’s sins. In the majority of cases he gets the blame without being 
fundamentally at fault. Imagine for an instant a perfectly fitting lap, with cleaned planed caulking 
edge, sound rivets of the correct size and length, fitting in good holes, evenly countersunk, and innocent 
of the attentions of the reamer; rivets which had been put in when the plates were properly screwed up, 
and which are equidistant apart, and all at the same distance from the caulking edge. Such a lap 
should be tight without caulking. 

In the early days of the torpedo-boat destroyer, the shell was of a thickness which was then 
considered too light for caulking. As an alternative, the seams were packed with tape. Messrs. Dobson 
also built a vessel in which the } in. shell plating was fitted with ? in. rivets, four diameters apart, and 
the seams were uncaulked. 

Another substitute for caulking which, under ordinary conditions, is quite satisfactory, and which, 
under all conditions, plays no small part in the maintenance of watertightness, is rust. The hard 
insoluble filling of rust, which in time, forms in small cavities and pinholes, represents an increasing aid to 
tightness as a vessel gets older. This fact receives frequent demonstration in repair work and in new 
construction. In old vessels, shell plates are sometimes found quite tight, without a sign of any caulking, 
while every surveyor knows the vast difference between testing work which is ‘“‘green” and work which 
has been standing even for twenty-four hours. Personally, the most satisfactory water tests ever 
witnessed were those on a tanker which was completely riveted and caulked, and then lay on the stocks 
for some months before the tests were carried out. This vessel has now been in service for some years, 
and the owners have frequently complimented the builders on the excellence of their workmanship. 
Needless to say full use was made of this testimonial in the building of subsequent ships. 

In actual everyday practice, ideal workmanship, tape and rust, ae! be more or less superseded or 
supplemented by caulking. At the moment it appears essential, though far from ideal; in time it may 
be supplanted by an alternative not so open to criticism. 
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DEFECTS OF CAULKING, 


The defects of caulking, and those covered by caulking, are in a number of cases, so closely allied 
that it is undesirable to separate them. Any discussion on the faults of caulking is bound to include 
defects of plating, drilling and riveting. As far as practicable the various points to be brought forward 
will be examined in chronological order as they occur in actual construction. 

MarkinG Orr.—The plater marking off the inside strakes of plating, strikes the line of holes and 
then chalks off the pitch from his lath, often without troubling to use the marking peg. When the 
puncher gets the plate in the machine he concludes that these holes do not require any great care in 
punching, and an uneven row of holes results. This means unequal support for the caulking edge, and 
the caulker is liable to lift the edge owing to the uneven resistance of the material. 

Width of landing edge is a factor of such importance that it, together with the question of shearing 
from or towards the faying surface, will be dealt with separately. 

SHEARING AND PLantnc.—Rough shearing leaves a jagged edge of stressed and brittle material, 
from which small pieces of metal can easily become detached during caulking. These pieces are 
sometimes temporarily driven into the caulk and fall out on testing or touching up. A dull or badly set 
planing tool produces the same defect. 

Screwine up.—The keynote to good caulking and satisfactory testing is the same as the key to 
sound ship construction, namely, proper screwing up before reamering or riveting is commenced. ‘The 
Transactions of the Staff Association contain frequent references emphasising the importance of this 
essential factor. 

Bad screwing up leads to bad riveting. Faced with a seam not properly closed by the riveting the 
caulker resorts to a wider and deeper caulk to try to cover up the defect. Then under test a rivet leaks 
and the whole job becomes a serious trouble. Caulking one rivet draws the plates together, the adjacent 
rivets leak and as a result a whole sequence of rivets are heavily caulked. Such work found, say, at the 
turn of the bilge is not merely a matter for suspicion or a coincidence, but a strong indication of faulty 
workmanship. This is not a subject for the injection pump. If the length of the seam affected is 
important, rivets should be cut out, the work examined, and re-riveted if necessary. Where a suspicious 
seam has to be subjected to a back test it should be carefully watched and re-riveted if it fails. 

ReEAMERING.—The inventor of the reamer did nothing towards improving the standard of workman- 
ship in shipyards. In theory, every unfair hole should be reamered until it is fair and square to the plate 
and then re-countersunk. In actual practice everything seems to conspire against the work being carried 
out in a satisfactory manner, especially in three-ply work, where it is most important. It is not an easy or 
simple matter to reamer a hole properly. 1t is far easier for all the workmen concerned to let the reamer 
follow the line of the least resistance until a rivet can be driven into the hole and then to put the rivet in 
and fill up the hole as quickly as possible. The riveter dislikes too much reamering and re-countersinking 
since it means more hammering for him, as well as the possibility of delay while an odd-sized rivet is 
heated. The standard of efficiency attained in this matter in a yard depends entirely upon the constancy 
of the supervision exercised. 

RivetTinG.—Bad reamering is one cause of bad riveting and the latter with a caulker using normal 
strength forces the plates apart to tighten the rivets ; thus the caulking instead of being the final seal of 
a good joint becomes the only bulwark, and that a frail one. 

Sorr Packine.—The following is taken from a technical book published fifteen years ago :—“ The 
most desirable soft packing consists of woven flannel dipped in red lead, felt sheeting however is the 
material generally employed.” 

The advances of a few years fortunately reduces felt, as a hindrance to proper caulking, to a subject 
requiring little comment. Thin oil paper has taken its place and the majority of yards use felt solely for 
bollard seatings and such like. The use of oil paper can easily be overdone, especially as it is so cheap as 
to cause no comment on the quantity required per ship. 

In a paper read before the Institute of Naval Architects, Mr. H. Rowell describes some experiments 
on a tank built of galvanised steel. The seams were made tight by the following methods :—One thick- 
ness of brown paper tarred on each side was used in the seams of all decks and bulkhead plating, shell 
straps, boundary bars and in half of the shell landings, a thin coating of white lead was used in part of 
three landings, and two were worked metal to metal. All seams were caulked as usual. Under test no 
difference was noted in the various seams. 
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This result is, of course, quite in conformity with present practice. 

Stopwaters are sometimes troublesome because workmen persist in the idea that a thick stopwater is 
bound to be a good one. Asa stopwater, the truth of this is questionable while the thinnest threads of 
spun yarn prevent metal to metal contact. 

Tf such safeguards as oil paper and spun yarn continue to be desired, it would appear to be preferable 
to have some form of plastic material offering no real resistance to the plates being drawn into contact 
where metal to metal is possible, but at the same time filling up any odd inequalities. Such a substance 
might also render caulking unnecessary. While on this point mention can be made of one inherent defect 
of the process of caulking, namely, its uselessness when deflection takes place. Many of the troubles found 
when testing deep bulkheads can be traced to this source. The remedy is not extra caulking but extra 
stiffening. 

NickinG.—This trouble has already been mentioned. If the back bevel on the caulking tool is 
incorrect, the edge resting on the plate raises a shoulder which is forced into the cavity formed by the 
caulking tool. This sharp shoulder easily sheds small pieces of metal, moreover it is difficult to eliminate 
once it has been raised. Further caulking only tends to exaggerate the evil which is a result of gross 
carelessness and can be dealt with under this heading by action at the source. 


SUBTERFUGES.—The possibility of a tank being rejected on test is a serious matter. To cover up 
bad caulking, or bad work which the caulker has been unable to rectify when the test head is applied, various 
subterfuges have been found in more or less common use. Shipbuilding is sometimes thought to have 
reached a high standard at the present time, but whether the tricks of the past are still found can well be 
left as a secret between foreman caulker and surveyor. One point is rarely cleared up. When things go 
pi the workman responsible is usually missing. Hither he is ill, has just been paid off, or cannot he 

ound. 

Woop WepeEs.—Many excellent stories are current about wood wedges being driven in to stop leaks. 
The usual plea on discovery is that the wedges are being driven in to stop the injection from running out, 
say, at the back of the bar. The weakness of the argument is obvious for, where the wedges can be driven 
in, the work cannot be properly closed. 


Wastr.—aA ready agent always at hand which can be excused on the plea that it must have stuck 
when wiping down the bulkhead or shell. It is most commonly found in seams which have been caulked 
up-over, around the turn of bilge. Running a test knife with a slightly roughed edge along such seams 
a, reveals weeps from small but troublesome pin-holes from which the waste has been drawn by 
the knife. 

TALLow AND CLay.—Always near for lighting purposes; the first as a source of light and the second 
as acandlestick. Pinholes stopped by these are difficult to find. The test knife is again a good detective, 
but a knowledge of the men is a safer guide. 


THIN Srrivs or Meran.—Cases have occurred of strips of metal, generally lead, being forced in in 
spots where extra deep caulking has failed to hold the water. Only a reckless man would attempt 
such an artifice as it is almost certain to be discovered. 


Sawpust.—The most common agent for stopping a small leak and one which is everywhere at hand 
after using for drying down. It is so easy to leave it lying along a seam and then caulk some at a 
particular spot. When the Surveyor is present during a test the modus operandi is slightly modified. 
The argument then used is that, while the tank is under pressure, any attempt to touch up one spot 
without a little sawdust to deaden the blow would only open the seam in other places. This defence is 
only good in itself if the screwing up has been bad, and, as a result, the seam itself is actually defective. 
Then the remedy lies in re-riveting. Foremen who adopt this argument are not, however, always to be 
blamed harshly. The tradition of “deadening the blow” has been handed down to them. It is 
suggested that it originated through the action of superintendents or surveyors, who spent minutes 
watching the formation of a minute drop, and then insisted on it being dealt with. Such spots should 
be left to the healing power of rust. 

A leaky seam, needing attention, is best dealt with by running the staving tool lightly from end to 
end a few times. The jagger should not be used for this work because its chisel edge is likely to force 
the material in at one place and so open the seam at another. Two ply work on flat surfaces, other than 
awkward corners, should never be injected. 
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Spacing oF Rivets AND BreaptH or Lap.—lIn a paper, entitled ‘‘ Notes on Rivets and Spacing 
of Rivets for Oiltight Work,” read by Mr. Frear before the Society of Naval Architects and Marine 
Engineers in 1920, some interesting information is given regarding the spacing of rivets to ensure oil- 
tightness with satisfactory caulking. As a result of mathematical analysis, the following table was 
evolved, showing the spacing of rivets permissible, provided considerations other than oiltightness did 
not determine the spacing :— 


Diameter of Rivet. Thickness of Plating. Spacing in Diameters. 
i ve 3°6 
: g 42 
A } 4-9 
1 A 56 
14 1 6°3 
i} 1} 7-0 


This table is based on the supposition that 34 diameters is satisfactory for a -25 plate using § in. 
rivets. It assumes that the deflection of the plate caused by caulking varies as the ratio of the fourth 
power of the thickness of the plating and that the extension of the rivet varies as the ratio of the distance 
between rivets to the area of the rivet. These spacings have no reference to the question of strength of 
joint and only relate to oiltightness and satisfactory caulking. Their importance, so far as the present 
discussion is concerned, is to show how relatively weak thin plating is. The point is obvious, but perhaps 
not so well appreciated as to suggest that approximately the same facility for oiltight caulking is offered 
by 1}in. plating with 1} in. rivets spaced 8} ins. apart and ,°, in. plate with jin. rivets 2} ins. apart. 

Tn actual practice the } in. rivets would, generally, be spaced 28 ins. apart and the 1} in. rivets 5 ins. 
apart, and therefore the thicker plate offers a far greater resistance to caulking. Also actually the thin 
plate is caulked with a tool of about half the sectional area of that used for the thicker plate and therefore 
the same weight of blow is much more severe in its action on the thin plate. 

CauLKInG.—The idea that something in the nature of overcaulking of thin plates was a rather 
common practice first suggested itself on repair work on small vessels. Plates removed from various 
watertight parts frequently showed a deep ridge or shoulder along the caulking edge which had to be 
chipped off before the plate could go back. Following this, new construction work was carefully watched 
and a perceptible lift of the edge of the plate or angle caulked found in many cases, more especially in the 
boundary bars of bulkheads and hatch foundation bars which had been machine caulked. 

These details suggested experimental tests of the effect of caulking in lifting the caulked plate away 
from the plate to which it was riveted. Two different establishments kindly carried out this work. In 
each case the experiment was duplicated for hand and machine caulking. 

The procedure for one of the series of experiments will be briefly described. Two plates about 5 ft. 
long of *60 thickness were marked off punched and riveted together in ordinary shipyard fashion. Sections 
were then marked off for hand and machine caulking, for the different widths of landing and other 
variants. The caulking was carried out in ordinary shipyard fashion. T'wo plates 36 in. thick were 
dealt with in the same way. The various parts were sawn through to examine the effect of the caulking. 

The results when tabulated show inconsistencies natural to work carried out under ordinary working 
conditions with so many changeable factors. Consequently odd details have been purposely omitted and 
only a summary given in order that the main issues may be made clearer. Sketches were made with a 
view to reproduction but the small quantities dealt with made discrimination difficult. 

The most important result obtained was that, out of 60 specimens thus examined, the caulking had 
formed a shoulder and forced the plates apart in no less than 45 cases, A typical case is shown in Fig. 14. 
The actual mean lift for the *60 plates in thousandths of an inch for sections cut through the rivet is 7-0 
and for sections sawn clear of the rivet 9°0. For plates from *36 to “40 thick the same figures are 7°8 and 
20°0 respectively. It has been computed that for -26 plates with § in., rivets spaced 34 diameters apart, 
ya'so Of an inch is the deflection which can be obtained without exceeding the yield point of the material. 
The last two cases mentioned are compared in Figs. 12 and 13. 

Wiptu or Lanpine Epe@r.—Width of landing edge has an obvious connection with the amount of 
lift likely to be produced when caulking. In the experiments carried out landings of different widths 
were used. The results divided themselves into three sections namely :—Average shipyard landing, equal 
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to 1} times the diameter of the rivet between the caulking edge and the near side of the rivet ; 30 per 
cent. below this average width and 30 per cent. above. The mean lift in thousandths of an inch for the 
three cases are shown in the following table :— 


Lift. 
Average shipyard landing ... oe an as ave sia) ake Sf 
Landing 30 per cent. below average see: = ner OU 
Landing 30 per cent. above average + aa ae Tone OiL 


The above observations and test results clearly indicate certain defects which in turn may be 
considered as responsible for a very common source of trouble in shipyards, namely, the difficulties met 
with when testing bulkheads as compared with the ease with which the shell passes the test. Bulkheads 
require more adjustment during construction than the shell and the width of the landing left on the 
bulkhead plates is relatively greater than that of the shell. This wide landing combined with average 
shipyard caulking which, as shown by the results, is—to say the very least—on the heavy side, lifts the 
plates and forms a watercourse between the caulking and the line of rivets thereby raising all sorts of 
difficulties. ‘There are other defects which particularly affect bulkheads, chief amongst which is deflection, 
which destroys the caulking ; but the chief culprit is considered to be the lift produced. 

Heavy caulking is an evil which has grown from the mistaken idea that a heavy caulk is bound to 
be a good caulk. Nothing could be more absurd. So far as can be seen heavy canlking has not a 
redeeming feature. It may please the eye and look like a good job, but actually, wide or deep caulking is 
too often a covering for bad work on the part of the plater or riveter, even if it is not a fault in itself. 
The difficulties at present met in making the bulkheads of deep tanks and oil tanks tight would, in the 
writer’s opinion, be considerably lessened if care was taken to keep to the rule landing and to control the 
caulking and make it so light that the metal-to-metal contact of the plating remains undisturbed. ‘This 
idea presupposes efficient screwing up and good holes; it also possesses the further advantage of helping 
the surveyor appreciably, for with light caulking, bad workmanship on the part of the plater, riveter or 
driller, is far more difficult to hide. Heavy caulking in the shipyard is quite on a par with the putty of 
the cheap and nasty furniture maker. 

‘he probable process by which the shoulder is formed during caulking, which lifts the plate and keeps 
it set off from the plate to which it is caulked, is not without interest. From a number of cases tested the 
fault does not appear to be in the splitting. Given a tool with the proper bevel, only in the case of thin 
plates subjected to heavy splitting, far beyond that employed in shipyards, was it possible to force the 
plates apart. It is in the setting up that the trouble occurs. With the splitting tool showing two-thirds 
of its width on the plate the setting up tool acts at first on only one-third of the width of the split. 
Consequently anything like heavy setting up forces the material in and as it must go somewhere a shoulder 
is formed as indicated in the photographs and diagrams appended. 

SHEARING FROM THE Fayrna SuRFAcE.—Shearing towards or from the faying surface is another 
point intimately connected with caulking. Generally speaking, builders and repairers like to shear towards 
the faying surface because the work then appears to be well closed and there is no room for the surveyor’s 
knife. One ingenious yard manager claimed that by shearing towards the faying surface the caulking was 
half done. There is more in this claim than meets the eye. The one advantage of shearing from the 
faying surface so far as caulking is concerned is the slight outward curvature of the plate which provides 
a natural cavity to be filled by the material displaced during the caulking process. With thin plates 
shearing towards the faying surface would appear to encourage the formation of a cavity during caulking. 

The following figures are derived from 48 cases, from the experiments in which a direct comparison 
was possible :— 


. . Lift when Sheared Lift when Sheared 
Thickness of Plating. From Faying Surface. Towards Faying Surface. 
“60 75 75 
"40 7-0 12°5 


The lift is given in thousandths of an inch. One deduction may safely be drawn, namely, that for 
thin plates, shearing towards the faying surface greatly increases the lift due to caulking. Apparently 
the caulking of the thicker plates is such that the shearing effect cannot be measured. All the plate 


edges were planed before caulking. 
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Rivets.—The following extracts are taken from the Staff Association papers and discussions, and 
deal with rivets found to be defective under test :— 


“Tf on testing a tank, leaking rivets which cannot be corrected by caulking are discovered, 
they should of course be renewed.” 

“Tt is quite in order during the water test to caulk the points of slightly leaking rivets.” 

“The severity of the caulking of a really bad rivet must always make it look suspicious.” 

These extracts suggest the following criticisms :— 

1. There is no such thing as a leaking rivet which cannot be corrected by caulking. The 
slackest rivet can be tightened up while the tank is full. 

2. A leaking rivet should never be caulked but should be dealt with in such a manner as to 
complete the unfinished work of the riveter who has not succeeded in making the rivet fill the hole. 
The word “ caulk” should not be used to describe the operation nor should the tool used produce 
any such effect as given by ordinary caulking. 

Actual practice in shipyards when dealing with rivets which prove unsatisfactory under test varies. 
Some yards use a sharp-edged curved tool shown in Fig. 10 while others use a plain tool as per Fig. 9 and 
known as a fuller. In action the latter acts as a hammer blow applied at the desired spot and renders a 
slightly defective rivet sound and tight in a desirable manner. The sharp-edged tool acts as a caulking 
tool, forming a ring around the edge of the rivet akin to the splitting of the caulk. 

To illustrate the effect of this tool a number of rivets fastening two plates together were left hand 
slack. The sharp tool was then used to caulk the points and the rivets caulked until hammer-testing 
produced only a slight jar. Two of these rivets were then sawn through and one is shown in Fig. 15. 


Attention is drawn to the following points :— 


1. A hopelessly bad rivet has been given the outward appearance of soundness. It rang 
passably true under hammer test and would no doubt have stood a water test, yet it still is a 
hopelessly bad rivet and bound to give trouble in time. 

2. The head is now close up, whereas it was well clear of the plate before being caulked, thus 
showing that the rivet has been drawn into the hole. 

3. The tool used has, in places, forced the edge of the rivet against the countersink of the 
hole, but in other places where the rivet overlapped the plate, the latter has simply been forced 
against the rivet in a ridge similar to that already mentioned as nicking in ordinary caulking. 
This is a frequent occurrence, even with slightly defective rivets, when the sharp tool is used. 

4. Caulking in this manner, even with slight defects, is unsightly and liable to encourage 
corrosion. 

5. The knowledge that rivets can be doctored by caulking makes the plater, riveter, and 
tester careless, and lower the standard of workmanship. Certainly, siiegali experience shows 
that, in yards where the fuller tool only is permitted, a far smaller percentage of rivets need 
attention when water testing, 

Perhaps it is almost unnecessary to add the opinion that the use of the fuller is strongly 
recommended, and that where the other tool is used extra careful inspection immediately a tank is filled 
is practically essential; in fact, the work requires more attention from the beginning. Further, the 
word “caulking” should never be applied to the process of making a slightly leaky rivet good under 
test; touching up is much more apposite. 

The use of a serrated tool on rivets is another practice which has little to commend it. Cases do 
occur in which serration is necessary to obtain a grip, but the general use of a tool roughened by striking 
while hot on a rasp, instead of an ordinary file, is to be deprecated as unnecessary, and likely to cause 
trouble through bits of metal becoming detached, and through the roughened surface accelerating 
corrosion. 

The countersunk points of rivets sometimes spread over the plate beyond the edges of the counter- 
sink, and cases have been known where such rivets have been caulked by the sharp tool around the edge 
of the rivet. This is bad, because it simply stamps a thin wafer edge of the rivet into a cut made into 
the plate itself. Rivets should not flow beyond the countersink, but where they do they should be 
chipped before being touched up. 
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The touching up, or “caulking” as it is too frequently called, of countersunk rivets before testing, is 
an action which bas often been discussed, With good riveting it should be unnecessary and there is 
always a possibility of hiding defects. If possible it is better to leave the rivets alone except perhaps in 
exceptionally difficult places on a back test where any trouble is likely to have serious consequences. 
Some years ago a tanker was built in which the owner specified that every oiltight rivet should be caulked. 
For the surveyor this meant, literally, the hammer-testing of every rivet before it was caulked. 


HaND AND PNEUMATIC. 


Hand versus pneumatic caulking is an argument which, in every day practice is not settled by the 
relative merits of the two methods but generally by questions of cost, speed and expediency. The Staff 
Association’s papers and discussions reveal only two expressions of opinion on this subject and these are :— 

“Caulking should be well-executed, and the best results are obtained by pneumatic.” 
“Regarding caulking, both hand and pneumatic can be done properly, and the best results 
are obtained with pneumatic.” 

That both hand and pneumatic caulking can be done properly cannot be gainsaid. The only point 
at issue is: —Can pneumatic caulking be claimed to be superior to handwork ? 

As a firm believer in the superiority of craftmanship over the product of the craze for speed the 
opinion is expressed that hand caulking is definitely superior to pneumatic. 

As previously stated all the experiments carried out were in duplicate, hand and pneumatic. The 
sum of the lifts of the plates with the machine caulking was nearly Acable that of the hand work both 
for the thick and thin plates. Pneumatic caulking suffers from the following defects :— 

1. It is generally heavier than hand caulking. 

2. Good caulking requires the major operation to be the splitting and the setting up to the 
light. This is not so easily regulated by the machine. 

3. The tendency to force the plates apart where there is uneven work is more pronounced 
with pneumatic. 

4, Pneumatic is too much akin to the substitution of force for the skill, touch and talent of 
the mechanic. 


TESTING. 


The ideal bulkhead is one on which it has been unnecessary to use the injection pump either before, 
during or after test. Without joining issue with either the pre-test or post-test injectionists, one point is 
suggested for consideration :—If caulking were so regulated that it did not form the cavity which has 
been under discussion and if the caulking of rivets were prohibited, the resulting improvement in work- 
manship would go a long way towards rendering the injection pump as obsolete as felt is at present; while 
the immediate saving in cost for drilling, tapping and injection would be considerable. Injection is only 
a poor second best ; a doubtful associate, as likely to hide the bad as to assist the good. The actual 
practice regarding injections is somewhat outside the scope of this paper. It is fully dealt with in 
Mr. Macdonald’s paper on “The Practical Construction of Oil Tankers,” and in the discussion on the 
same. 

Testing is a caulker’s job, so it may be added that the ordinary stand-pipe and bucket is the best 
method of applying a test head, while attention during erection and an examination immediauely a tank 
is filled are far more helpful and instructive than the actual full dress affair on day of test. The latter 
sometimes savours too much of the “pass or burst” idea with the bogey of retest looming large in these 
hustling days. A good guide to the character of a tank can be obtained by ascertaining the number of 
hours taken from filling to testing and the number of men employed. Every foreman caulker is most 
likely to eventually suggest that a particular tank is very good because it has only been filled for x hours 
and he has only had y men touching up. There he himself provides an excellent criterion of performance 
and quality. 

In theory a caulked surface is equally tight whichever side is under test pressure, but in actual 
practice this is certainly not true of bulkheads. This is mainly due to the heavy caulking lifting the 
plates as already discussed, whereby one leaky rivet can fill a seam with water which can drift along and 
come out at all sorts of places. Such seams are more liable to distortion and this soon destroys the value 
of the caulking. 
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SumMaRY. 
The main points dealt with are :— 


Caulking, especially pneumatic, as at present carried out in shipyards and repair establishments, is 
unnecessarily heavy and, as a result, the metal to metal contact of the landings is partly destroyed, 
especially with thinner plating, such as is used for watertight and oiltight bulkheads. The jagger, or 
chisel-like finishing tool, should never be used. 


The caulking of defective rivets with the bevel tool should not be condoned, because with it, the 
slackest rivet can be drawn up to stand the water test, although otherwise useless. Defective rivets 
should be touched up with a fuller. Caulking of rivets is a misnomer, and should not be used. 


The average hand caulking is superior to the average pneumatic caulking. 
Shearing towards the faying surface is definitely injurious with thin plating. 


The width of caulking tool has been automatically increased with thickness of plating, but, subject 
to the width being sufficient to prevent the tool acting as a chisel and lifting the plate, the width of tool 
used, and therefore the width of the caulking, is immaterial. 


The landing edge for caulking, especially with thin plates, should not exceed the rule landing in 
watertight and oiltight bulkheads particularly. 


Although the firms which have carried out the experiments described do not desire that their 
names should appear, their kindly help has been greatly appreciated, as has the useful aid extended by 
colleagues, who are equally modest. 


It is hoped and felt that the best features of this effort will be the discussion by the members of the 
Staff Association. Every practical problem is many sided, and, in a world-wide organisation such as 
Lloyd’s Register, the point of view held in different ports, even on such a staid subject as “Caulking,’”’ 
can show a wide diversity of opinion. 
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DISCUSSION ON Mr. COLIN BARTLETT'S PAPER 


ON 
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THe PRESIDENT. 


We are pleased to welcome to-night in Mr. Bartlett an old London colleague who played a very 
active part in the foundation of our Association. He was joint-author of one of the papers in the first 
session and has since frequently contributed to the discussions. To-night he is dealing with a subject of 
considerable practical importance in which I know he has taken a keen interest for some time. 

As one who can claim but a limited knowledge of the salient points to be observed in securing sound 
caulking this paper has proved most instructive and a study of the detailed analysis of the requisites of 
good workmanship in eis matter has certainly made me better equipped to discuss caulking in all its 
aspects than I was before. 

To me a very interesting section is that dealing with the experiments with various spacings of rivets 
and the amount of spring in each case. From these it would appear that the standard distances of rivets 
from the caulking edge as given in the Rules, probably determined on a rule-of-thumb basis, approximate 
closely to those giving best results. Perhaps the author will tell us if, as a result of these tests, he would 
suggest any alteration in present practice. 


Mr. E. W. Brocksipar. 


The title of the subject under discussion this evening gives one no indication to what branch of 
industry the process of caulking is applied, but the very name alone brings back to the minds of the older 
surveyors of the Staff Association, memories of the pleasant, but nevertheless strenuous, days of the wood, 
composite and sheathed ships, when the “ping” of the caulking beetles under the roof of a building shed, 
was pleasant to the ears as compared with the nerve-racking sounds which proceed from the modern ship- 
building berth. 

It was the culminating joy of a very happy apprenticeship if one could be signalled out as being in 
possession of a self-made caulking beetle which rang out its notes above all the efforts of one’s confederates. 
Caulking then was a real necessity to the life of a ship, and good caulking made all the difference to the 
owner's pocket for the up-keep and maintenance of his ships. 

In this paper we are asked a very direct question as to whether caulking is of any use. When 
applied in the construction of steel ships ‘here is an element of doubt as to its true value as a means of 
keeping out water. 

The days of caulking and riveting are numbered, and when shipbuilding returns to its normal 
condition we shall hear more about the claims of welding. 

During this interval of slackness, when no better opportunity could be secured, there is a surprising 
lack of enterprise and research into this and similar questions affecting the most important industry in the 
country. 

There is no doubt that pneumatic caulking is responsible for many slack rivets, and the use of the 
caulking tool for rectifying bad riveting has increased the difficulties resulting from corrosion and become 
a fetish in the hands of the repairer. 

Mr. Bartlett has dealt with the subject in great detail and given many practical hints in regard to 
testing which should be of value to the members of the Association if they take the trouble, under the 
pressure of present circumstances, to read the paper as is intended. The transactions of the Association 
are accumulating in bulk and practical help, and the latest contribution now under discussion adds much 
to their importance as a means of distributing knowledge of a subject to which there is no end. 
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Mr. J. G. BUCHANAN. 


Mr. Bartlett deserves the thanks of the Staff Association for reading to us this very practical paper 
on a minor, but very important, item in shipbuilding. It is an operation to which during its execution, 
I venture to say, few pay adequate attention, and which excites our annoyance only when it is too late ; 
that is when some particular part is under test and we find on close examination that a seam or a rivet 
point which has already been over-caulked still leaks and the only remedy is the continuance of this sin 
of commission. 

The author is of the opinion that “hand caulking is definitely superior to pneumatic caulking.” I 
am of the opinon that this is simply due to the hand caulker not having the same force behind his tool as 
the man with the compressed air, who produces the defect of lifting the plate in the case of landings by 
caulking too deeply. I suggest a partial remedy would be by using a broader pointed tool; at any rate 
I cannot see why a careful pneumatic caulker should not produce as good a job as a hand caulker, In 
view of the large number of tankers now built, all of which are pneumatically caulked, the majority of 
the results appear to be satisfactory. 

Mr. Bartlett condemns the use of the “jagger” and rightly so. Although many caulkers use it, its 
usefulness I could never appreciate and that its use is not essential I easily proved. About two years ago 
I watched a caulker working on a tank top seam, splitting, setting and then finishing off with the 
“jagger” ; after a time I asked for a trial and I split, reversed the tool and finished off by setting. I 
asked for his remarks, which were quite encouraging, but he did not complain about not finishing off with 
the “ jagger.” 

That the value of rusting up is not fully appreciated by many is evident when one sees a superintendent 
wipe off a “weep” from a rivet point and then patiently wait until another appears and recommend 
caulking the rivet point. As a corollary to Mr. Bartlett’s experience with the tanker which stood 
riveted and caulked for some months before testing, I might mention the case of a cargo vessel I surveyed 
during construction in one of the Northern European Countries. During a long period of frost, the 
double bottom tank top had been riveted, and the builders, who had delayed the testing as long as possible 
and could not wait longer, wished to launch the vessel, so commenced testing the tanks, and I was greatly 
surprised to see fully 70 per cent. of the rivets with “weeps” on the points. Knowing that the work had 
been executed as good as on previous vessels, and that to touch up each rivet would have been very 
harmful, I decided to let well alone, considering that owing to the dry frosty weather with little or no 
moisture in the air, the rusting up process had been conspicuous by its absence. This proved correct, as 
some time later one of the tanks was tested again and found to be as tight as a bottle. 

The caulking of rivet points is a misnomer and also a malpractice. It is not apparent why some 
men prefer to caulk and maltreat the hard metal surrounding the rivet, when a much better job can be 
achieved by hammering on the soft rivet material with a ball pointed tool. Some continental yards 
prefer this method, but the point of the tool used by them is much rounder than that shown in Fig. 9 by 
Mr. Bartlett. 

A practice known as “tomahawking” a rivet, although only carried out by hand riveters, is very 
much akin to that of caulking the plate round a rivet, and not always approved of by superintendents. 
I should like to have Mr. Bartlett’s observations on the practice. 

Further, I should like the author to give his opinion regarding caulking a leak when the pressure is 
on the tank. I believe the older school of surveyors and superintendents would not tolerate such a 
procedure, but I have seen it done often, without any disastrous results. 

Again thanking Mr. Bartlett for his useful paper. 


Mr. C. W. Re&ep. 


I notice we have amongst us to-night Mr. Bryden, whom IJ understand is connected with Scotland 
Yard, and as this paper comes rather in the ship surveyors’ province, I trust that under these cireum- 
stances, anything I may say will mo¢ be taken in evidence against me. (Laughter.) 

Caulking is a useful ally, but a dangerous enemy if not used with skill and knowledge, and this 
paper should prove of great assistance to many by leading us on the right path. 
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Over-heavy caulking often does more harm than good, and may be even dangerous—for instance 
when ca ulking round stay-tubes in a tube plate,the plate may be lifted away from the tubes by using too 
heavy a hand. 

Mr. Bartlett does not appear to mention the use of what is termed the half-round fuller (Fig. 1). 
In the boiler shop and on other high pressure work I have found this tool exceedingly useful. Usually 
this tool alone needs to be used, and it does not injure the adjacent plate and does not lift the plate to 
the same extent as in the case of the square tool (Fig. 2). 

For plates over 3 in. thick say, I consider the fuller is most suitable, as it closes the “pores” of the 
planed edge and forms a closer contact to the adjacent plate. 

If plates are not held level and square with the blades when shearing they often buckle some what, 
and whilst appearing to be a close fit, actually leave a gap (as shown in Fig. 3). Heavy caulking may 
make the defect worse as it will tend to further lift the plate. 


Mr. W. Watt. 


Mr. Bartlett deserves the best thanks of the Association for his interesting paper. He has dealt so 
fully with every aspect of his subject that there is very little of practical value that can be added. If it 
be granted that caulking is necessary (and this is doubtful), then a copy of this paper should be in the 
hands of every caulker, and a special bound copy in the hands of every foreman or chargeman responsible 
for tank or bulkhead testing. 

It is curious how the practice associated with one type of construction, or the material used in such 
construction, is followed in other types and other materials. In the transition from wood to iron and 
steel ships the old practices were continued with very little consideration as to their utility. For example, 
the hold stringers which were necessary in wood ships were only so much lumber in steel and iron ships, 
but these unsightly and useless obstructions were fitted for many years after steel had almost entirely 
replaced wood. Caulking was a necessity in wood ships as some semi-elastic cushion was necessary to 
counteract the expansion and contraction of the seams, and to prevent excessive leakage through 
“working ” of the planking. It was therefore assumed that caulking was equally necessary in iron and 
steel structures. 

Now if caulking is necessary it can only be due to one or other of two causes : 


(a) imperfect material 
(6) imperfect workmanship. 


With regard to the former it may be said that steel makers supply only what they are paid for. In a 
specification which I saw many years ago, for material for a large water tank, it was specified that the 
plates were to be planed to the exact size at the steel works, and then passed cold through the rolls. This 
tank held 200 tons of water, and not a seam was caulked. One does not expect this degree of perfection 
of surface in modern steel plates, and the effect of sheering, even under the best conditions, is seldom if 
ever removed from the plate before it is worked into the ship. In consequence there is unevenness of 
surface which must be overcome in some way if watertightness is to be secured. But even with perfect 
material it would seem to be impossible to get perfect workmanship. How far piece work is responsible 
for this is a matter of opinion, but the fact remains that workmanship is so seldom perfect that caulking 
is taken as a matter of course. Granted then that caulking is only necessary because circumstances make 
it so, it surely follows that there should be as little of it as possible and that it should be as light as 
possible. There are two expressions on page 7 of Mr. Bartlett’s paper which should have been printed in 
capital letters : 

“ Heavy caulking has no a redeeming feature” 

an 
“ Heavy caulking in the shipyard is quite on a par with the putty of the cheap and 
nasty furniture maker.” 


It may interest members to know that a coasting steamer was built about 40 years ago in which only 
the keel seam and the plate ends on the stem and stern posts were caulked. ‘This was due to circumstances 
and not to design, for the vessel remained on the stocks for some time after it was plated and riveted, and 
so efficiently had the seams “rusted up,” that caulking was considered unnecessary. I was assured that 
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after 12 years service no leakage had taken place. With suitable workmanship similar results could be 
secured today, but probably the cost would be prohibitive. 

Ills have a way of curing themselves and possibly the cure will be found in the welded ship which 
is undoubtedly coming. I think the time is not far distant when riveting and caulking will disappear, 
and we will have the completely welded ship. In the transition from riveted to welded ships, however, it 
is curious to note how the experience of the transition from wood to steel is repeating itself. A 
continuous union along a seam was impossible with rivets, but a continuous welded seam is possible and 
easy. Why, therefore, imitate a riveted seam by spot welding, and why arrange structural details as if 
they were intended to be riveted and welding was only an afterthought? I know there are practical 
difficulties at present but these will undoubtedly be overcome and then caulking and tank testing will be 
a thing of the past. When that time comes the paper may have lost its practical value but it will have 
become historic. 


Mr. J. M. Murray. 


The Staff Association is greatly indebted to Mr. Bartlett for the trouble he has taken in preparing 
specimens and collecting information. He has covered the field so well that little remains to be said 
about the matter. 

With regard to the extensive use of the fullering tool for dealing with rivets under test, there seems 
to be some ground for believing that the process might affect the rivet adversely, especially if pneumatic 
power is used, as there is a tendency to drive the rivet back. There is not the same danger of this happen- 
ing when the rivet is caulked with a sharp tool. 

It seems that the whole question of the relative merits of pneumatic and hand caulking is bound up 
with the fact that pneumatic caulking costs two-thirds the money and takes half the time of hand 
caulking, and in face of this, it is useless to expect the latter. In some parts of the country the hand 
caulker must be becoming very scarce, as the apprentices are being started with machines and not with 
hand tools as formerly. 

With regard to the lifting effect of caulking, it is interesting to note that in a certain yard it was the 
practice to caulk the light deckhouse ground angles after the deckhouse had been erected and riveted, as 
it was found that if the caulking was done immediately the ground bar was riveted to the deck, the 
distortion of the standing flange owing to the lift of the heel was such that difficulty was experienced in 
fairing the deckhouse sides. 

I should like to have Mr. Bartlett’s opinion as to the minimum thickness of plating which can be 
caulked oiltight successfully. The Germanischer Lloyd rules contemplate a thickness of ‘20 with two 
rows of 4 in. rivets spaced 3} diameters and it would be interesting to know if efficient caulking can be 
carried out under these conditions. 

In conclusion I would like to thank Mr. Bartlett for his comprehensive paper, and particularly for 
the examples of various faults in caulking, all of which reiterate the fact that the “fons et origo” of all 
bad caulking lies in initial faults in punching and screwing up, and that care taken at the start saves a 
lot of trouble later on. 


CORRESPONDENCE. 


Mr. T. Sxaw (Newcastle-on-Tyne). 


I should like in the first instance to thank Mr. Bartlett for his most interesting paper on a subject 
which has probably received the least attention of any of the processes in the construction of steel ships, 
the one exception, so far as I am aware, being the excellent article by Mr. A. Campbell Holms in his book 
on “ Practical Shipbuilding.” 

The effect of the introduction of caulking with pneumatic power has been to increase the area of the 
groove, and the lighter caulking done by manual labour has been looked upon with suspicion recently to 
such an extent that it has been difficult to satisfy owners, superintendents and other interested parties 
that heavy caulking is not necessarily superior to lighter work. As a result of one of these discussions 
the officials of a repairing establishment offered to prepare a series of tests, and they have courteously 
agreed to allow the results to be incorporated with my remarks. 
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The tests were arranged to obtain as far as ever possible, definite information on the following 
points :— 

A The variation in the lift of plates of different thickness. 

B_ The difference in lift between work done by pneumatic and hand. 

C, The effect with rivets spaced at Rule distance from edge of seam. 

©, The effect with rivets spaced nearer than Rule distance from edge of seam. 
}; The effect with rivets spaced wider than Rule distance from edge of seam. 

D_ The difference in lift with plates sheared to and from the faying surface. 

E Whether there was any difference in the lift in way of, and between rivets? The results 
are shown in diagrammatic form on plate appended, and neglecting fractions of a thousand of 
an inch are as follows :— 

A Mean lift, plating 33 in. thick +9%5, plating »§; in. thick yo%»- 

B_ Pneumatic 345, hand p55. 

C, Pneumatic p55, hand ;,2;5, mean ,4;85. 

C, Pneumatic yo%55, hand yg%5, mean 73-55. 

C, Pneumatic »34y, hand y;% 7, mean ypiz- 

D_ Sheared from faying surface y,/yy, to faying surface 1395. 

E_ In way of rivets (specimens with Rule spacing from edge of seam) y,%55- 

Clear of rivets (specimens with Rule spacing from edge of seam) 7335. 
The workmen were not aware that the specimens were intended for any special purpose and the 
results, therefore, may be regarded as representing good average workmanship. 
The grooves formed by the caulking tool were perceptibly heavier by machine than the hand caulking 
on the thicker plate. ‘The variation on the lighter plating was very slight (see Fig. 4). 


#2 PLATING. ay PLATING. 
A B Cc A B Q 
Machine eee 3a in. - 5 in. abs in. aly in. = G4 in. as in. os in. ag in. 
Hand ... in. wy in. ay in. gs in. wy iD. gr in. 


One of the evils which has ensued on the introduction of machine tools is the caulking of edges 
which are not properly closed. This operation would not be attempted by hand tools. 

An examination of plates removed during the course of repairs reveals the extent to which deep and 
heavy caulking has been carried. In some cases a deep groove has been formed at the edge of the seam 
on the inside strake and liberal planing has to be effected on the removed plate before the fin is removed 
and a level surface obtained to carry out satisfactory recaulking. 


Mr. G. Wesster (Gothenburg). 


Mr. Bartlett’s paper is so complete and so much to the point that it is difficult to find anything to 
discuss. The experiments he has carried out confirm some similar but not so extensive experiments 
which were carried out on the Clyde some years ago. 

The fact that the plates are generally somewhat apart after caulking appears to play a decisive part in 
obtaining a watertight job when the edge of one of the plates is electrically welded as has sometimes been 
done when oil is to be carried in a tank originally intended for water. It is extremely difficult to obtain 
a really good job under such conditions with thin bulkhead plating, but if the edge of the seam has not 
been caulked previous to the welding being done the same trouble is not experienced. 

Mr. Bartlett is undoubtedly correct when he says that caulking is frequently too deep. The reason 
for this is not always due to the man or the tool, but to the pneumatic machine being too big. 
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Any touching up of rivets during tank testing should be done by the smallest machine available and 
in my opinion pneumatic caulking is superior to hand caulking if a machine of proper size is used.: 

If good final results are to be obtained, first the plating and then the riveting work must be good 
before the caulker starts on the job and in order to ensure that this will be the case, one shipyard in 
Sweden has appointed a caulker to each ship as foreman over both the riveters and caulkers. This 
foreman being eventually responsible for the tank testing, sees that the holes are good before the riveting 
is commenced and he also makes sure that the riveting is good and that the stopwaters and paper are not 
removed during the riveting, in order that the tank testing will be as easy as possible. This arrangement 
gives excellent results, but could probably not be adapted in Britain. The most important point in regard 
to such an arrangement is that the foreman knows where it is going to pay to put in a countersunk rivet 
nae *r pure riveter foreman who has no responsibility for the tank testing often never gives the question 
a thought. 

The reason for a bulkhead not being equally tight which ever side is under pressure is, as Mr. Bartlett 
rightly says, mainly due to the plating being lifted during caulking. What appears to happen is as 
follows :—The tank is first filled so that the caulking side is dealt with and the plating of, shall we say, a 
seam is lifted due to caulking. Under the water pressure the whole of the bulkhead is under deflection 
convex to the water side, the portion in way of the lift being slightly more convex than the remainder. 
When the back pressure is put on to the bulkhead the surface of the plates are again under deflection 
convex to the water side, but the curvature of the portion in way of the lift is somewhat less than the 
remainder and in an exaggerated case it may even be slightly concave to the water side. It is clear then 
that what happens, is that the surface of the plating against which the edge of the seam is caulked goes 
away and leaves the caulking edge because of the differences in curvature in the two surfaces of the plates 
in way of the caulking edge. The whole movement may only be very slight, but only a very slight “give” 
in the caulking will soon fill the whole seam with water. 


Mr. W. Bennerr (New York). 


The humour in Mr. Bartlett’s paper is delightful, which is remarkable in a resume of such a subject 
as this. 


The different opinions emphasized are, in my opinion, sound, and the remarks I have to make are few in 
number. The subterfuges given on page 5 are, of course, very harmful, and should be very severely 
condemned wherever observed. The danger of caulking work which could well be left to the “healing 
power of rust” is very obvious, but should be allowed with some caution. 


In general, plates are sheared from the faying surfaces (page 7) in the U.S.A., the edges being planed 
for caulking, where the thickness exceeds *38 in. 


Practically no hand caulking (page 9) is done in the U.S.A., and except for the general belief, as 
stated by the author, in the superiority of craftmanship, I cannot believe that hand caulking is much 
superior, if at all, to pneumatic caulking. 

I thank Mr. Bartlett for his interesting contribution. 


Mr. A. Urwin (Newcastle). 


There must be many colleagues who will welcome this paper by Mr. Bartlett. 


Ideas concerning caulking have become established which, upon consideration, cannot be defended, 
and we are benefited by having on record such a thorough investigation and questioning of the methods 
which have been accepted for lack of adequate criticism. 


The fallacies that heavy caulking must be good caulking and that width of caulking should vary 
directly as the thickness of the material, will however, still take some time to explode, as shipyard workers 
have not usually had repair experience or have not benefited from such as they have had. The healing 
power of rust has much to do with this and should rust-resisting steels come into extensive use before the 


general acceptance of electric welding, the lines indicated by Mr. Bartlett will need to be followed by 
necessity. 
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That pneumatic caulking is more capable of being misused than hand caulking is perhaps too light 
an argument against it; and the fact that time is often an essential factor in both building and repairing 
of ships, leads to the conclusion that all the process needs is more attention by all concerned. 

Bad caulking is a frequent source of trouble, especially caulking of rivets, and I am of opinion that 
the case of corroded seams under the fore end is one where caulking is often partly to blame. The scouring 
action of the water which is sometimes found to have undermined the material right back to the rivets 
will often vary along a particular seam, and between port and starboard in the same seam, so much so 
that variability of the caulking would appear to account for this trouble which appears in a fair number 
of ships. 

The paper makes clear that the present provisions of the rules for rivet spacing, width of landing, 
and shearing away from the faying surface, are sound and essential for good caulking, and it is well to 
haye this confirmation laid before us. 

By advocating that practice can yet come more into line with reason and the results of experience, 
and by stating the essentials which, if followed, would make for sound and uniform practice, Mr. Bartlett 
has fulfilled a very definite need. 


Mr. W. M. Baurour (Trieste). 


The author has had a wide experience of practical shipbuilding both at home and abroad and this 
has guided him into a truly original bit of research work on caulking. 

His opinions are clearly stated, his results are of great interest and his conclusions sound. 

On page 3, he defines a perfect lap. I notice he uses his imagination and states such an ideal lap 
would be tight without caulking. This would depend on the pressure and the fluid. On one occasion it 
was necessary to test an oil tank in a light draught tanker carrying refined spirits in bulk, shortly after 
delivery from another district. Under service conditions it was stated to leak. Under a water pressure 
test the tank was perfect. The plating was thin, the boundary angles were planed on the edges and the 
general appearance showed that great care had been taken in its construction. A detailed examination 
showed that about six inches of caulking on the boundary bar had been omitted. At the time I considered 
this the nearest approach to a perfect riveted joint. ‘There was no sign of leakage, the faying surfaces 
were absolutely close, yet presumably, where the caulking was omitted, it leaked under pressure with 
refined spirits. 

There is one point in the paper that cannot be unduly emphasised. The great secret of good 
workmanship under ordinary shipyard conditions is “screwing up.” If this is faithfully carried out there 
is no space for wood wedges, metal caulking strips and the other subterfuges enumerated in the paper. 
Eyen reamering can be done without the fear of brass and small pieces of metal getting between the plates. 

The author takes umbrage at “caulking” a rivet, perhaps the word “hardened up” would be better, 
but a countersunk headed rivet can be caulked and in certain cases should be caulked. In double bottom 
tanks for oil fuel, fitted with a continuous gusset plate it is desirable to countersink the holes inside and 
outside, fit countersunk headed rivets and caulk them on the inside before test, as any attempt to caulk 
along the flanged knuckle of the gusset plate merely lifts the faying surfaces. 

As regards caulking tools, it does not do to be too dogmatic but to judge by results. In touching up, 
hardening up and caulking a rivet, hand work is preferable to pneumatic. This may be also true for light 
plating, but for plates 4 inch in thickness or over, the average workman will make a sounder caulk with 
pneumatic than with hand tools. 

The author has carried out his experiments with plates planed on the edge, but with modern shipyard 
equipment, shears are installed with a five to six foot bite. The plate to be sheared is specially supported 
and held in position by hydraulic rams. With a keen knife, the result is a clean cut edge which does not 
require planing and which gives satisfactory results for caulking. 

Another point of interest which does not directly arise from the paper is in connection with electric 
welding. Should a porous weld under test, be always renewed or may it be caulked or the injection pump 
used ? Where single riveted seams in tanks adapted for oil fuel must be reinforced by welding, the practice 
of welding on the non-caulking side has the advantage of avoiding the necessity of touching up the weld 
during test. 

This question will become of greater importance when longitudinal strength members are welded and 
form part of the watertight and oiltight sub-division of the ship. 
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On one occasion, at Special Survey, oil fuel bunkers were under test four years after construction. 
The divisional bulkheads were welded, not riveted, and the welding in places was slightly porous, beads of 
water forming on the surface. In the circumstances I discreetly left the welding alone, but if the same 
conditions had applied to a boundary bulkhead would the only solution have been to renew the welding 
and retest ? 


REPLY BY THE AUTHOR. 


The writer’s thanks is due to those colleagues who have found time to take an interest in the 
discussion on this paper in spite of the demands of freeboard. The volume of opinion in agreement with 
the main arguments put forward is much appreciated, while even the suggestion of Messrs. Watt and 
Blocksidge that the paper may be in the nature of a swan song on caulking serves as a reminder that the 
rivalry of welding may lead to improvements in riveting and caulking likely to continue the commercial 
value of these operations for many years. 

The welder is often glad to receive assistance from the caulker, a point raised by Mr. Balfour. To 
renew a porous weld implies a retest and no objection is seen to caulking and injecting in such cases in 
the present limited sphere of welding. 

The diagrammatic results of tests supplied by Mr. T. Shaw are most informative and such a striking 
confirmation of the main points in the paper leaves very little more to be said. The diagrams well repay 
careful study. 

Dr. Webster draws attention to certain special arrangements made in Sweden to improve workman- 
ship. Similar ideas have been put into practice in yards in Great Britain for many years, in fact it is 
considered essential in tanker construction. Dr. Webster’s remarks on the difficulty of welding a caulked 
edge and obtaining a watertight job are considered to represent the facts of the case. The groove between 
the line of rivets and the caulked edge is quite likely to upset the welding due to the effect of the heat on 
the contents of the cavity. 

The peculiar circumstances concerning the scouring action of water on the seams under the fore end 
of a vessel has frequently been commented on. In future surveyors can produce the Urwinian theory 
when condemning fore foot plates as a logical and ingenious explanation. 

Mr. Buchanan raises the question of tomahawking. As the holder-up is on the rivet during this 
process there can be no objection to this form of hardening-up which is obviously superior to using a 
caulking tool. Caulking a leak when a tank is under pressure is partly dealt with on page 5 under the 
heading “Sawdust.” Given good workmanship such caulking can be done without difficulty but foremen 
dislike attempting it because with indifferent workmanship caulking while under pressure is likely to 
mean extensive trouble. 

The half-round fuller mentioned by Mr. Reed is not usually met with in shipyards. If however, 
sketch 2 is typical of the results obtained, it is unsuited to shipwork because the feather edge produced 
would be liable to excessive corrosion especially on the bottom plating of the vessel. 

Mr. Watt’s historical details of the vessel which was not caulked are of great interest and it is to be 
regretted that no further particulars concerning the early days of the caulking of iron and steel vessels 
have been forthcoming. 

Mr. Murray raises the question of caulking of thin plates for oiltight work. As the minimum 
thickness allowed by the Society’s Rules for such plating is *30ins., experience on thinner plates is lacking. 
It is understood however that in special cases such as small portable tanks, the edge of the plating is 
. ate ah by means of a tool equal in width to the thickness of the plating. 

ur President, Mr. W. Thomson is correct in surmising that the experiments which have been carried 
out clearly show the necessity of adhering to the rule landing edge, especially in relatively thin bulkhead 
plating. As this paper was the last read under Mr. W. Thomson’s able Presidency, it is only fitting to 
conclude by saying how much his interest in the Staff Association has done to bring it up to the present 
state of health and strength. It is distinctly unfortunate for the Association that his recently assumed 
Presidential ? responsibilities in another direction have proved as much as can conyeniently be undertaken. 
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LLOYD’S REGISTER STAFF ASSOCIATION. 


This session it is proposed to introduce a new feature into the Transactions of the Staff Association. 


In the course of their duties, members of the Association frequently encounter cases of damage of a 
special nature, novel methods of repair, or other features of an unusual character, which, while not 
sufficient in themselyes to provide a paper, are yet of some interest and value to be worthy of permanent 
record for reference. 


[t is accordingly proposed to issue annually, or as occasion may require, a special booklet containing 
details of such cases. 


The value of a publication of this nature will, of course, depend entirely on the support of the 
members in forwarding information of the type indicated, and it is hoped that this new venture will 
receive the support of all the members. 


The first set of contributions follows. 


NOVEL REPAIRS. 


CRANK SHAFT DEFECT. 


3y V. F. J. Sprowox. 


BOILER REPATR. 


By T. S. Morrison. 


REPAIRS TO THE FIRST WELDED SHIP. 


By J. E. SELLEX. 


A COMPARISON BETWEEN HYDRAULIC AND PNEUMATIC RIVETING, 


By P. T. Brown. 


SOME UNUSUAL WELDING REPAIRS. 
By C. W. REED. 


ee mnliin vos 


bomen giewrn ie 


UDR siete Lien np saan vm ge 


cial 
if bo 3g tue Yo liv viurleg a 8 ; 
| Sere Sa 


04° apedint anoitedininoy do pox dit od 


a: id 
H JUVGVE— 5 eS 
Petes) eae piu) See 
eS ee . rm a) 
Lo : * 
© comma "Tene “WAAHO Aa | 
ae i344 a yi : 4 
“a $. oe 
at UA aid be | aaa Sen aie a See 
ae te a sda Agee et Se 
ree oe 


"SHR aiGamy “wat seo 


ove 


ae debt 


A nl 


8 


CRANK SHAFT DEFECT. 


By V. F. J. Sprowox. 


When inspecting an eight throw solid forged crankshaft during the different stages of machining in 
the lathe, neither sand cracks, blow holes nor enclosures could be observed on any part of the crankshaft. 
Also the coalescence of the turning chips was interrupted in no unusual way. Otherwise fractures of the 
chips on the same points would have revealed faults clearly. A couple of days later when inspecting the 
shaft in finished condition, there was found on the smoothed surface of one of the journals spot of oblong 
shape (1) scarcely visible and only faintly distinguishable in its colour from the surrounding sound 
material of the journal. 


At first one was obliged to assume that electric welding had been applied to the shaft in order to 
conceal a fault. But both the shop engineer as well as the manager of the steel works gave a written 
statement that no repairs by electric welding had been carried out. Tests, made with a portable brinell 
press on that spot and on the sound material, gave the following results :— 


Sound material. Enclosure. 
Diameter See bre ofp a a 5°15 mm. 5°38 mm. 
BEL vse nas x aE nae me 134 102 
Tensile strength te sa Ne Ey 48°5 kg./mm*. 37°3 kg./mm’. 


The results of tests made previously in the test house were as follows :— 
From both ends of the shaft. 


Tensile strength oe ae Ate ois 511 kg./mm?. 51°6 kg./mm’. 
Elastic limit ... rE = ae ras 30°6 kg./mm*. 318 kg./mm*. 
Elongation 3 ins. ... An Ee oh 30°3 %. 31°6 %. 
Elongation 10 x dia. fe ee ZOD 22°07. 
Impact test as an average of three Mesuager 

test pieces ... He vs roe aa 9°5 mkg./em*. 10°2 mkg./em’. 
Contraction... ix ra: ay ae Bb. LN re 


So it was proved that the material of the crankshaft was by no means homogenous on this part. A 
further proof was obtained by polishing the surface of the journal on the said spot and also on the neigh- 
bouring material. After etching with picrine acid one could see by means of a portable shop microscope 
of 60 linear enlargement that the grain structures were quite different from each other. The sound 
material showed the Perlite and the Ferrite normally formed and satisfactorily distributed, if not 
exceptionally fine grained. ‘The share of Perlite corresponding to the carbon contents of the sound material 
was about 25-80 % of the whole structure. The material was of 51 kg.fmm* having 0°3%C. The grain 
structure of the enclosure was far coarser, as if overheated, and the share of Perlite far less and correspond- 
ing to the carbon contents of a soft steel, about 8-10 % of the whole structure. Soft steel of 87 kg./mm’. 
contains about 0°1% ©. 


In order to investigate whether further enclosures of a similar kind might be found on the crankshaft, 
the said journal, the adjoining crankthrows and journals were etched with copper ammonium chloride, 
this having the effect that a number of further spots of a similar oblong shape appeared on the crankpin 
as well as on the webs 2, 8 and 4 (see attached sketch). A drawing of this part of the crankshaft was 
made in scale 1 : 1 and the exact situation and dimensions of all the enclosures found on the shaft were 
marked in the drawing. In this way, through connecting these marks, one found out that indeed a foreign 
body was enclosed in the material of the crankshaft. This being a rod of soft steel often used by the 
workers in the steel works for “ pumping” the’ ingots when cooling down in the moulds in order to remove 
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or reduce the formation of blow holes. Occasionally during such an operation the rod of soft steel was 
melted off through negligence of the worker and remained in the ingot which in this case was afterwards 
used for the crankshaft. This end of the shaft in which the rod was enclosed represents the head of the 
ingot where the worker immersed the rod. _ It is good practice that engine builders should prescribe, during 
the manufacture of their forgings in the steelworks, that the bottom end of the ingots be used for the more 
stressed flange end of a crankshaft. 


This crankshaft of course has been rejected. 


As a resumée one might suggest that the inspection of crankshafts or similar important forgings 
should take place always a certain time after their finishing in the lathe or their polishing with emery 
paper as it is frequently done on the works. 


Metallic enclosures or weldings can be more easily detected when the oxydising effect of the air has 
caused different colours on the various materials. Likewise after the final trials on the test bench the 
crankshafts should be inspected once more, notwithstanding that this may lead sometimes to a considerable 
delay in the delivery of the engine to the customers. But ‘safety first.” 


BOILER REPAIR. 


By TT. S. Morrison. 


It was found necessary to renew all the furnaces and the two centre combustion chambers of this 
boiler. The old furnaces were of non-withdrawable type, but it was desired that the new furnaces be of 
withdrawable type. In order that the new combustion chambers might be made in the shop and shipped 
into the boiler as a whole, a piece of the front end plate of the boiler was cut out, between the two centre 
furnaces, and the same piece was replaced and electric welded in place after the combustion chambers were 
shipped. Inside doublings were fitted in way of welds. The wing back tube plates were cropped at 
bottom and new pieces welded on to suit the new type of furnaces. Boiler was tested on completion of 
repairs and so far has given entire satisfaction under service conditions. 


REPAIRS TO THE FIRST WELDED SHIP. 
By J. E. SELLex. 


Extensive repairs were carried out some time back on the m.v. “Shean,” ez “Caria,” ez “ Fullagar,” 
the first sea-going electrically welded ship, and it is thought owing to the unusual construction of this 
vessel, an account of the nature of the damage and method of repair, will be of interest to members of the 
staff. 


Electric welding was used throughout in the construction of this ship, the vessel being classed 
100 Al—Lectrically Welded—Subject to Annual Survey— Experimental. 


She is a comparatively small vessel, her registered dimensions being 150°0ft. x 23°8ft. x 10°6 ft., 
and until the time of the repairs now mentioned had been employed in the Coasting Trade. On 
completion of these repairs the ship was taken to British Columbia. 


Severe bottom damage was sustained, due to grounding on a sandy bottom when loaded, the bottom 
being set up for a considerable length, starting from between floors Nos. 55/54 (forward) to between floors 
Nos. 35/34 (aft). just forward of the double bottom (fuel tanks) which are built in at the after end of the 
cargo hold. 


The set up embraced the keel strake and extended out to “B” strake plates on both the port and 
starboard sides; the maximum set up was about 12ins. in way of the keel. (See sketch.) 
InrerNAL Damace.—The centre keelson was set up in way of the above shell damage, taking the 


floors with it; eight floors on the starboard side were found broken away from the shell plating, the 
corresponding floors on the port side were not started. Two hold pillars on the centre line were buckled ; 
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the side frames (bulb angles) also three web frames on each side were distorted. This distortion had 
taken place a little above the level of the top of the floors. (See sketch.) 


The vessel was originally dry docked for survey in the Liverpool district, and was sold in her 
damaged condition to an East Coast of Scotland shipbuilder who took the vessel to Kinghorn, Fife, for 
repair. 

While lying at Kinghorn, the cement was removed from the bottom in way of the damage, and the 
centre keelson cut away leaving a part about four inches high still standing; as there are no dry dock 
facilities there, the vessel was brought round to Dundee, under her own power for dry docking, without 
any support or compensation being fitted in lieu of the keelson which had been removed. (See sketch.) 


While in dry dock, shores were set from the deck beams to the top of floors and bottom plating, and 
the bottom pushed down by 50 ton hydraulic jacks, the position of the jacks being altered from side to 
side, and fore to aft as necessary. While the bottom was returning to its original form, additional shores 
were placed in position to keep the bottom down, as it showed a tendency to rise again when the pressure 
was taken off the jacks. (Sve sketch.) 


At the same time as the jacking was going on, the bulb angle frames were heated at the buckled part 
and faired with very good results, excepting in the case of one frame on the port side in which the bulb 
or standing flange of the angle split; this it is thought was due to the part not being sufliciently heated, 
The heat applied (by blow lamps) was not at all excessive, the frames being heated to a dull red only. 


The web frame plates were cut where necessary, faired and permanently repaired by either part 
renewing or by being doubled. 


The starboard side floors were faired in place, and re-attached by angle frames riveted to floors and 
bottom plating. 


In fairmg these floors and the bottom plating in way of them, it was found necessary to cut and free 
the side keelson intercostal plates near them ; these intercostals were afterwards secured by riveted straps. 


The set up of the bottom was fairly general, there only being a few local indentations; these were 
mostly along the edge straps of the keel strake, and A and B strake plating, and were faired in the usual 
manner after the bottom plating as a whole had been brought down. 


When the bottom was fair and being held in position, the centre keelson was renewed by a continuous 
plate, rider plates and bulb angles, and the new centre keelson plate being riveted to the portion of the 
old keelson left standing. 


While the ship was still on the blocks, lines were stretched across the hold, also fore and aft, and 
measurements taken ; these measurements were checked when the vessel was afloat, and it was found that 
the bottom had not altered to any appreciable extent. 


The welding attachments were found sound excepting in the case of the floors on the starboard side 
already mentioned, and a few which were found started at the turn of bilge on both the port and star- 
board sides in way of the bulb angle frames after they had been faired, these frames were riveted to the 
shell plating, and to the floors, where started. 


The welding al the landing edge straps of the bottom plating was found to be undisturbed even after 
the repairs had been carried out. While the vessel was being repaired the weather was very wet, and at 
one time there was a good covering of water in the hold due to rain, which proved the welding of the 
edge straps was tight and sound, drain holes having to be drilled to get rid of the water before work 
could proceed. This also confirms a statement made, that after the vessel grounded, the crew did not 
know of any damage as the ship was tight, not a drop of water being made; the damage not being found 
until the cargo was nearly all discharged. 


Under water test, the port side double bottom tank (fuel oil) was found leaking badly in way of the 
welded connection to the side keelson, the welding having fractured on the under side of the rider plate. 
The owner tried to repair this by oxy-acetelyne welding, but without success; permanent repairs were 
made by cutting away part of the keelson rider plate, and also part of the tank end plate, a new part tank 
end plate with brackets to the side keelson, both inside and outside the tank were fitted and riveted. 


6 


The welding throughout the vessel was carefully examined and with the exception of the parts 
mentioned, was found sound. 


The following is a summary of the above repairs. 


SHELL PLATING. 


| Port Srpe. | STARBOARD. | 


Keel strake — = | 8 plates faired in place. 

Diet ay 3 plates 3 plates | Faired in place. 

By, wa 3» ~ wa 

| 
Fisines - a Faired in place of above riveted to shell plating where | 
| 13 1B welding connections were started. 

Floors 8 a Faired in place (i.¢. with bottom plating). 

” = 8 Faired in place (i.e. with bottom plating) and re-attached 

to plating by angles. 

Web Frames 3 3 Cut and repaired in place. 


Centre keelson cropped and renewed in way of damage to bottom plating. 
Port side (D.B.) Tank. Brackets fitted to outer keelson in way of tank end. 


All the fairing of the bottom plating, floors, frames, etc., were carried out under the personal direction 
of the owner, by :— 


1. The ship’s engineer who heated frames, ete. 
2. An apprentice shipwright. 
8. Two labourers. 


Later, one plater, a rivet squad of three men, a driller and a cementer, were engaged. 
It is interesting to note that in spite of the damage received, the repairs have proved satisfactory, the 
vessel now being classed with the condition of class “ Subject to Annual Survey,” amended to “ Subject 
to Biennial Survey.” 


A COMPARISON BETWEEN HYDRAULIC AND 


PNEUMATIC RIVETING. 
By P. T. Brown. 


It is universally agreed that the best process for riveting is by hydraulic pressure, and a frequently 
expressed view is that pneumatic riveting is unreliable in boiler making when diameters of one inch are 
exceeded. 


To effect a comparison between the two methods, a 1,’ in. rivet set up by hydraulic machine was 
removed from the back circumferential seam and one of same size riveted by pneumatic tool with final 
lay-up by hand was taken from the front circumferential seam of a boiler under construction. The 
intention to make a test had not been mentioned and the rivets were selected haphazard, so may therefore 
be taken as representative of every day practice. 
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‘The remoyal was effected by chipping off the rivet head from inside the boiler and punching rivet 
out. The shanks of both hydraulic and pneumatic rivets were found to have had complete bearing in 
their holes but the pneumatic rivet showed a much brighter countersink, indicating a better bearing at 
that part than in the case of the hydraulic rivet. Scale was found adhering to the shank and countersink 
of the hydraulic rivet whilst the pneumatic rivet had only very slight scale on the shank and none at all 
in the countersink. 

For the purpose of hardness tests and micro-examination, the rivets were sawn through the centre 
and slices } in. thick cut from each half. The sketches shown at the back are tracings from the samples. 

Hardness tests taken at points indicated on above sketches by Vickers Diamond Pyramid gave 
following figures which will perhaps be better appreciated by their relationship to tensile strength which 
is approximately *22 tons per square inch per unit. 


HYDRAULIC RIVET. PNEUMATIC RIVET. 
Point. A B C Point. A B C 
1 | 165 154 157 1 200 192 184 
z | 164 147 166 4 149 136 150 
3 165 149 164 3 133 128 132 
Mean of A B C Mean of A B C 
Areas ‘ | Areas 
Down Down | 
Shank. | 164 150 | 162 #‘| Shank. 160 152 155 
mal var car Saar a p 1s4a) 
Mean of 1 2 3 Mean of | 1 2 3 
Areas i? LE Ness Areas 
Across Across 
Rivet. 158 159 159 Rivet. 192 145 131 
Mean of all Numerals. Mean of all Numerals. 
159 156 


It will be noted that whereas there exists almost uniformity of hardness right through the hydraulic 
rivet, the numerals for the pneumatic rivet vary from normal near the head to about 50 per cent. above 
normal at the point. 

The structure of material is shown by micro-photos in back of booklet. 

It will be observed from the photograph of the pneumatic rivet that at C 8 there is slight 
overheating of the material, that at B 2 the overheating is considerably broken down, and that at A 1 the 
hammering has completely eliminated the overheating effect and a good structure results. 

I have to thank Mr. Chappell of Constantine Technical College for making the hardness tests and 
Mr. Ripley for the micro-photographs. 


Note.—The rivets are ordinary Lloyd’s Boiler Quality made from steel bars of 26-30 tons tensile. 


SOME UNUSUAL WELDING REPAIRS. 
By ©. W. Reep. 


A short description of a few unusual welding repairs which have come to my notice may be of interest. 


They were not carried out under my supervision but particulars have been obtained from the surveyors 
concerned and from other sources. 


Enp Prates.—The first case is that of a double ended boiler wherein in was necessary to renew all 
the heating surface, i.e, furnaces, combustion chambers and tubes, etc. To enable this to be done 


‘wholesale’ and not “piecemeal,” it was decided to cut out one complete end plate, as shown by the 
heavy dotted line in Fig. A. 


After fitting the combustion chambers, etc., the end plate was refitted and welded in place. 


This method was considered preferable to disturbing the circumferential joint, with the difficulty of 
satisfactorily re-riveting and making a tight joint. 


Furnaces.—In another vessel a large furnace repair, which was carried out abroad in 1909, was the 
largest then attempted on a classed vessel. 


Two furnaces, one in each boiler, were found badly cracked and laminated in the crowns, and as it 
was impossible to obtain new corrugated furnaces of the right side in time, it was decided to weld in new 
portions. 

This was done by a firm of very experienced workmen, by the oxy-acetylene process. 


The defective portions were cut out and new | game taken from another corrugated furnace of the 
same pitch but smaller diameter, were fitted and welded in place by the oxy-acetylene process. The 


dimensions of the patches were 35 ins. x 30 ins. in the starboard boiler and 30 ins. x 15 ins. in the 
port boiler. 


From the records it appears that the repaired furnace in the starboard boiler was satisfactory until 
the middle of 1912 when it became somewhat distorted, and as it was considered inadvisable to jack it 
up, it was renewed. The welded furnace in the port boiler had the weld touched up in 1923 but is still 
in use. 

New Furnace.—A new furnace was required for a Scotch boiler abroad and as no corrugated furnace 
could be obtained, it was decided to fit a plain furnace in three pieces. This was done and the furnace 
welded circumferentially as shown at AB in Fig. B, riveted and welded (at C) longitudinally. 

The welding was done by the oxy-acetylene process. 


Crank SHarr DErEct.—(ee Mr. Sdrowok’s article.) 


SKETCH SHowiNnG Posrrion or Derecr 
in FORGING. 
(See Mr. Sdrowolk’s article.) 


W = Wes Frames Farrep. 


(See Mr. Selleax’s ¢ 


P = Pinuars Farrep. 


SHORES 


Mrruop or Jacking Down Borrom PLATING AND FLoors. 


(See Mr. Sellea’s article.) 


HYDRAULIC. PNEUMATIC. 
A = ¢ 


(See Mr. Brown's article on RIVETING.) 


A 1.—Hypravtic. X = 100. A 1.—Pyneumatic. X = 100. 


X = 100. B 2.—Pneumatic. X = 100. 


C 3.—Pneumatic. X = 100. 


C 3.—Hypravutic. X = 100. 


Micro-PHorocraPus or River MATERIALS. 
(See Mr. Brown’s article.) 
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LLOYD'S REGISTER STAFF ASSOCIATION, 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Ofifice, 
on Wednesday, 18th May, 1982. 


The President, Mr. Wm. Thomson, occupied the Chair. 


The Hon. Secretary read the Minutes of the last Annual Meeting, and also the Financial 
Statement, which showed a balance of £15 12s. 5d. as compared with £12 3s. 9d. at the end of last 
session. 


Reviewing the work of the session just completed, the President said :— 


The session which has just come to an end has provided the Association with a series of 
useful and interesting papers, which have made our twelfth year one in which the high standard 
we endeavour to set has been fully maintained. 


Our public lecture by Mr. Duly dealt with a problem of every-day importance, and the 
number of requests received for copies of his paper suggest that his views are not without weight 
among those responsible for the carriage of perishable cargoes. ; 


Our Aircraft Department made its first appearance in our Transactions when Mr. Hill gave a 
general survey of the work of aircraft inspection, which is proving very serviceable to those 
members of the Staff engaged upon this duty. 


Engineering was represented by Mr. Horne and Mr. Brown, whose contributions excited 
lively discussions and provided many useful suggestions and information, while Mr. Bartlett dealt 
with the subject of caulking in a detailed and comprehensive manner not hitherto available. 


We also welcomed our first paper from Prague in the form of an interesting contribution from 
Mr. Kertscher, whose example we hope to see followed by many of our Continental colleagues. 


As mentioned last year, the preparation of a series of booklets containing descriptions of 
interesting cases of repair or novel features encountered by our members has been taken in hand, 
and the first issue was recently despatched. The usefulness of this publication must depend 
entirely on the support accorded, and I would appeal to every member to assist in making this 
venture one of the successful features of the Association. 


Our programme for the next session has been provisionally arranged, and promises to be as 
interesting as its predecessors. 


The Association has always received liberal support from the General Committee, and the 
Chairman, Deputy Chairman, and Classification Chairman have frequently attended our public 
lectures, which kindly interest has always been greatly appreciated. Next session, however, this 
assistance will take a more active form, for our Deputy Chairman, Mr. Sturge, has promised to 
deliver the public lecture, on ‘Some problems in Insurance.” As Mr. Sturge is a recognised 
authority on this subject, we have been very fortunate in securing his promise, and I am sure I 
express the opinion of all members of the Staff in stating how highly we value his generous help. 


I cannot close without acknowledging the excellent services rendered during the session by 
our Hon. Secretary who is ever alive to the welfare of the Association. 


As my term as President has now expired, I bring to a close my official connection with the 
Association, and I should like to express my warm thanks for the kindness and assistance received 
from members of the Staff during the years in which I have been actively connected with it, and 
not least for the very generous gifts received from my colleagues a few weeks ago. My duties 
have brought me into contact with colleagues from all ports, many of whom I should not otherwise 
have met, and I am very grateful for the manner in which my requests for papers and contributions 
have been met, and the kindly personal attitude always adopted. I trust the same spirit will 
prevail towards my successor, and that the Association will continue to flourish and more than 
fulfil the aims of its founders, 


The Meeting then proceeded with the election of Office-bearers for the next session, and on 
the motion of Mr. Wm. Thomson, seconded by Mr. W. M. Balfour, Mr. S. F. Dorey was 
elected President. 


Mr. C, Bartlett, seconded by Mr. T. R. H. Morrison, moved that Mr. C, W. Reed be re-elected 
Hon. Secretary and Treasurer. 
The following were re-elected as the London Representatives on the Committee, viz :— 
Messrs. J. S. Gardiner, L. J. Hiil, E. Potts, G, D. Ritchie, C. H. Stocks, 
S. Townshend and L. H. F. Young. 


On the motion of Mr. W. D. Heck, a very hearty vote of thanks was accorded to 
Mr. Wm. Thomson for his services during the past session as President. 
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